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ABSTRACT
Three bisexual troops of samango monkeys {Cercopithecus mitis), and extratroop 
males in their vicinity were studied between January 1995 and February 1997 at 
Cape Vidal, South Africa. Data were collected in order to examine their 
reproductive strategies, the factors affecting their association patterns, and the 
ways in which their relationships develop.
For male samangos, the most profitable strategy for gaining access to receptive 
females was to be a resident troop male and to defend females against other 
males, but males could augment their lifetime reproductive success while not 
resident, by temporarily associating with troops during the mating season and 
“sneaking” matings. Examination of the factors affecting the number of males 
associating with troops revealed no relationship with the number of troop females 
nor the number of fertile females, but appeared to be related to proceptive 
behaviour in females, particularly where this proceptivity was directed at 
extratroop males (proceptivity being defined as “the tendency of females to seek 
matings and behave in a way that sexually solicits males”). Further evidence that 
females were able to exert influence on the male membership of their troops and 
male mating success, was provided by an examination of mating competition and 
mate choice in samangos. While this revealed a high level of intra-sexual 
competition among males for sexual access to females, there was also evidence 
that females could and did choose their mates on occasion.
Observations of infanticide by adult males during this study suggested that such 
behaviour is an adaptive strategy for males after troop takeover, and that 
infanticide risk may have selected for infrnticide avoidance behaviours in males 
and females. Adult males who stay in association with troops outside the mating 
season may do so in order to avoid infanticidal attacks on their offspring or to 
defend their offspring and/or mating partners from predators. Juvenile males 
appear to invest time in relationships that may benefit them after natal emigration, 
with males from other troops and with extratroop males.

For both Jamies
ACKNOWLEDGEMENTS
I would firstly like to thank my supervisor, Caroline Ross, of the School of Life 
Sciences, Roehampton Institute, for her support, help, encouragement and patience 
throughout my preparations, my fieldwork, and the writing up of this thesis. I am also 
indebted to Mike Lawes, of the Department of Zoology & Entomology, University of 
Natal, Pietermaritzburg, South Afiica. Mke organized and set up the research site at 
Cape Vidal, South Africa, where this study took place. He provided academic and 
logistical supervision during fieldwork and throughout the writing up phase of the 
project, as well as fiiendship and support during my stay in South Afiica. Thanks also 
to my co-supervisor at Roehampton, Peter Shaw, who has been a great help in the 
writing up phase, particularly with statistical problems.
In South Afiica, I am greatly indebted to the KwaZulu Natal Natural Conservation 
Services (KZN-NCS) for allowing my study to take place at the Cape Vidal Nature 
Reserve and for providing a site for the research camp and living facilities. In 
particular, I would like to thank Ron Joubert, the officer-in-charge, and the office staff 
and park guards at Cape Vidal for their help and fiiendship throughout my fieldwork 
period. During this time I received academic support from the Department of Zoology 
& Entomology, University of Natal, Pietermaritzburg, where I spmt three months 
writing up after completion of the main phase of data collection. Thanks also to Peter 
Henzi of the Department of Psychology, University of Natal, Durban, who first 
introduced me to South Afiican primatology, suggested ideas for research, and 
provided a fiiendly, stimulating environment in which to stay while in Durban. For help 
during the preparatory stages and throughout much of the fieldwork I owe huge thanks 
to Paul Carter, for his help and ideas. He helped me with data collection, trail cutting 
and mapping, site maintenance, photography, data input, monkey trapping and cage 
design. Paul was also responsible for composing a map of the study area (figure 2.3). 
Help in the field was also provided by Hallam Payne, who was carrying out his own 
study of samango monkeys for his M.Sc. and constructed the grid system used in this 
study for mapping the location of monkey troops. I thank the several volunteers who 
helped with trapping, tagging and blood sampling monkeys. These included Angela 
Segal, Karen Chapman and Sandy Gray. Many people provided fiiendship, help and in
several cases, a place to stay, during my time in South Africa; John Lycett, Tony 
Weingrill, Marius and Dorothy Bowyer, Kate Harrison, Jean Senogles, Johan Kotze 
and Harriet Eeley. I thank them all.
I am indebted to the various societies and trusts who assisted this project financially. 
Help with fimding for the main data collection period was provided by the Boise Fund, 
the Leakey Trust, the British Federation of Women Graduates, and the Royal 
Anthropological Institute. Monkey trapping work was funded by the Green Trust, the 
Wildlife Society, and the Endangered Wildlife Trust. Roehampton Institute provided a 
four year bursary for living expenses as well as additional funds from the Roehampton 
research office for fieldwork expenses.
At Roehampton Institute, I thank Peter Wesson, the Dean of the Faculty of Social & 
Life Sciences, and Ann MacLamon, the Head of the School of Life Sciences, for their 
support of my study. I would like to thank the many people who contributed to making 
the School of Life Sciences a stimulating, supportive and fiiendly environment in 
which to work; these include Christie Allen, Honor Beaumont, Jill Berthelemy, Cath 
Cotton, Iain Haysom, Gwen Hewitt, Paul Honess, Penny Lees, Mary Mackenzie, Saiqa 
Malik, Erica McAlister, Claire Ozanne, Imogen Palmer, Mona Patel, Nigel Reeve, and 
Sarah Smith. Thanks especially to Kate Jones who cheerfully endured years of sharing 
an office with me, keeping me sane (sort of), and while I was in the field, sent out my 
mail and those letters that kept me laughing. I thank those, in addition to my 
supervisors and head of department, who read and commented on various drafts of all 
or part of this thesis; these include Carel van Schaik, Marina Cords, Thelma Rowell, 
and Volker Sommer.
I would like to say a very special thankyou to my husband, David Nicholas, whose 
love and support has kept me going through the writing up of this thesis, and finally, 
thanks to our baby son, Jamie. Without his early arrival I would have submitted this 
thesis much earlier, and he has kept me thoroughly amused and distracted through the 
final stages.
CONTENTS
LIST OF TABLES.....................................................................................  6
LIST OF FIGURES...................................................................................  9
CHAPTER 1 : Introduction........................................................................ 12
CHAPTER 2: Study site. Subjects, Data Collection Methods, & Basic
Ecology.............................................................................  21
CHAPTER 3: Mating Behaviour, Mating Competition, and Mate
Choice in Samango Monkeys............................................  55
CHAPTER 4; Costs and Benefits of Alternative Reproductive
Strategies for Samango Males............................................ 98
CHAPTER 5 : The Number of Males in Samango Troops........................  137
CHAPTER 6; Infanticide in Samango Monkeys.......................................  159
CHAPTER 7: Development of Behaviour and Relationships in Male
Samango Monkeys........................................................  202
CHAPTER 8: Predation by the Crowned Eagle {Stephanoaetus coronatus) 
on the Samango Monkey and Associated Samango 
Behaviours....................................................................  239
CHAPTER 9: Conclusions........................................................................ 245
REFERENCES.......................................................................................... 255
APPENDIX: Months during which each recognized male was sighted. 271
LIST OF TABLES
2.1 Rank order of top specific food items for samango monkeys at 26
Cape Vidal
2.2 Age/sex class definition 31
2.3. Mean body mass in kg for adult male and adult female 31
Cercopithecus mitis.
2.4. Composition of study troops in October 1996. 33
2.5. Composition of all-male groups fi'om opportunistic sighting 33
records.
2.6. Definitions of instantaneous behaviour categories. 36
2.7 Definitions of behavioural events. 38
2.8. Data collection hours:minutes per month for each study troop and 47
for extratroop males.
2.9. Diurnal range of study troop contact and extratroop male data 48
collection (in minutes for each hour of the day).
2.10. Cercopithecus mitis inter-population comparison. 54
3.1. Body mass measures and degree of sexual dimorphism in body 62
mass for a .variety of primate species.
3.2. Seasonality of breeding in selected primate species (taken fi-om 67
Chism, in press).
3.3. Behaviours associated with copulation. 80
3.4. (a) Number of successful and unsuccessful mounts where the 80
female sexually presents to the male or not. (b) Number of 
successful and unsuccessful mounts where the approach before
the mounting was made by the male or by the female.
3.5. Adult male indices of responsibility for proximity with respect to 83
adult females on days when those females were observed to be
sexually receptive.
3.6. Mean adult male indices of responsibility for proximity with 84
respect to sexually receptive adult females.
3.7. Relationship between mating harassment by different age/sex 86
classes the success of mounts.
3.8. Number of mating bouts harassed and non-harassed for different 88
numbers of mounts per bout.
3.9. Relationship between mount type and degree of sexual 94
dimorphism in three macaque species.
4.1. Definitions of resident and extratroop males. 108
4.2. Number of months each identified adult male was seen in different 109
categories.
4.3. Rate of mating bouts per hour of troop contact on days where 114
contact with troops exceeded two hours.
4.4. Comparison of activity budgets from instantaneous focal samples 118
between troop and extratroop males.
4.5. Comparison of feeding budgets fi'om instantaneous focal samples 118
between troop and extratroop males.
4.6. Comparison between troop and extratroop males in the 118
percentage of instantaneous focal samples spent scanning for
food, being vigilant, and being in an exposed position.
4.7. Numbers of new wounds observed on males. 123
4.8. Indices of male quality. 125
5.1. Various measures of male (including resident troop males and 143
extratroop males) association with study troops during the mating
season (May to November inclusive) on days when observer 
contact with the troop exceeded two hours.
5.2. Reproduction in three study troops over two years. 148
5.3. C.mitis Interpopulation comparison of parameters potentially 153
affecting the monopolisability of female groups by males.
6.1. Dates between which the identity of the resident males of each 165
troop are known, and the number and rate of resident male
replacements.
6.2. Summary of observed infanticidal events. 169
6.3. Reproductive parameters in three study troops over two years. 182
6.4. Inter-population comparisons of Cercopithecus mitis data. 197
7.1. Percentages of each age/sex class of individual present in the 212
three study troops combined.
7.2. Activity budgets of juvenile males and females based on the 214
percentage of scan samples where each activity was observed.
7.3. Relationship between the number of juvenile males harassing a 222
mount, and the success of the mount.
7.4. Harassment of mothers’ matings by juvenile sons. 222
7.5. Fate of juvenile and subadult males after emigration from the natal 228
troop.
7.6. Details of troop male replacements in cases where the challenging 231
male had been previously observed.
LIST OF FIGURES
1.1. Distribution of the Cercopithecus mitis species group in Africa. 14
2.1. Locality of the Cape Vidal study site. 22
2.2. Map of the coastal dune forest and lake systems surrounding Cape 23
Vidal (from Lawes 1990).
2.3. Map of study area showing grid and trail systems. 24
2.4. Food availability indices 26
2.5. Climatic data for Cape Vidal: May 1995 - August 1996. Values for 27
total rainfall per month and for mean maximum and minimum daily 
temperatures (®C) per month are shown.
2.6. Adult male samango, AMB (photo). 31b
2.7. Adult female grooming a juvenile (photo). 3 lb
2.8. Comparison of percentage of instantaneous samples where each 40
behaviour category observed between scan samples and
instantaneous focal samples, for (a) troop adult males, and (b) adult 
females.
2.9. Troop home ranges 50
3.1. Mean mating bouts per hour per month observed in three study 64
troops.
3.2. Distribution of conception dates in three study troops over two 64
years, calculated by counting back 140 days {C.mitis gestation
period, Rowell 1970) from dates of birth of offspring.
3.3a - Mean numbers of proceptive females per day for each month over 66
3.3c. two years in three study troops.
3.4. Timing of tenure of resident males. 74
3.5. Number of new wounds observed on adult males and adult females 78
over study period (study troop and non-study troop animals).
3.5. The results of intermale aggression (photo). 79b
3.6. Typical samango copulatory posture (photo). 79b
3.7. Percentage success of mounts depending on whether the mounting 85
was initiated by either males or females.
3.8. Relationship between harassment of mating and success of mounts. 85
3.9. Number of mounts harassed by each ages sex class. 86
3.10. Percentage of harassed and unharassed mating bouts for bouts with 88
each mount number.
4.2. Number of unique troop and extratroop males observed within the 110
study area (combined home ranges of study troops A, B and C) per
month.
4.3. Activity Budgets. 119
4.4. Feeding Budgets. 119
4.5. Proportion of samples spent scanning, being vigilant, and in an 120
exposed position.
4.6. Mean distance travelled per minute during focal samples. 120
4.7. Distribution on body of new wounds observed on adult males. 122
4.8. Calendar months during which troop male replacements were 126
observed in study troops and neighbouring troops between January
1995 and July 1997.
4.9. AMD (photo). 126b
4.10. AMN being groomed by an adult female, AFG (photo). 126b
5.1. Mean number of proceptive females and mean number of males 144
associating with each troop per day where observer contact >2
hours.
6.1. Male tenure in six troops. 166
6.2. Infanticidal male, AMSH (photo). 170b
6.3. INFK, one of AMSH’s infanticide victims (photo). 173b
6.4. Rates of observed successful matings per hour during focal samples 176
for troop males.
6.5. Rate of sexual presents by adult females to troop males during male 178
focal samples.
10
6.6. Percentage of troop females bearing infants. 180
7.1. Activity budgets of juvenile males and females based on the 214
percentage of scan samples where each activity was observed.
7.2. Observed and expected numbers of instantaneous play record for 215
juvenile males with each age/sex class.
7.3. Observed and expected numbers of instantaneous scan records 217
where individuals of each age/sex class were nearest neighbours of
(a) juvenile males, and (b) juvenile females.
7.4. Observed and expected numbers of instantaneous scan records 218
where individuals of each age/sex class were observed (a) to
groom, and (b) to be groomed by, juvenile males.
7.5. Observed and expected numbers of instantaneous scan records 220
where individuals of each age/sex class were observed (a) to
groom, and (b) to be groomed by, juvenile females.
7.6. Mating harassment (photo). 221b
7.7. Playfighting among juvenile males from neighbouring troops 22 lb
(photo).
11
Chapter 1. 
Introduction
“What determines the pattern of association between males and females in primate 
groups?” This question has been an important focus of debate in primatology in 
recent years (e.g. see van Schaik 1996; Mitani et a l 1996; Treves & Chapman 
1996). An understanding of how and why individuals group together as they do is 
fondamental to understanding the behaviour and social relationships we observe, 
and how this translates into reproductive success for individuals.
The aim of this thesis is to examine the broad question of male and female 
association patterns and their reproductive strategies, using the samango monkey, 
Cercopithecus mitis erythrarchus, as the subject of study. This species is an ideal 
subject, since association patterns between males and females are highly variable 
(see below), and because C.mitis has been studied over a wide geographical 
range, allowing an investigation of the environmental factors or population 
parameters which may affect their social and mating systems.
The thesis investigates the various factors affecting the numbers of males 
associating with groups of female samango monkeys, and their length of tenure. It 
examines the different strategies that males employ to achieve reproductive 
success and the constraints placed on these by female reproductive strategies. The 
study explores the mating behaviour of samango monkeys, the mode of 
competition for mates and mate choice, and finally, investigates the way that 
relationships between males and behaviour of males develop in order to ultimately 
gain reproductive access to females.
What do we know about Cercopithecus mitis so far?
Cercopithecus mitis is an arboreal guenon, and after the vervet monkey 
{Cercopithecus aethiops), occurs over the widest area of any of the guenons. It is 
distributed in the evergreen forest of Afiica fi-om the southern Sudan to the Cape
12
province of South Africa (Figure 1.1). The Cercopithecus mitis/albogularis group 
includes up to 22 subspecies (Lemould 1988). Lemould divides mitis and 
albogularis into two species while other authors lump the two together under 
mitis (e.g. Meester et al. 1986; see Lawes 1990). However, there is general 
agreement that albogularis and mitis are ecologically inseparable (Lawes 1990). 
In East Africa, the subspecies are known as blue or Syke’s monkeys, while 
samango monkeys occur in southern Africa. The samango monkey comprises two 
subspecies; C. m. labiatus and C. m. erythrarchus (the subject of this study) 
(Meester et al. 1986). These subspecies represent the southernmost extent of the 
geographical range of the species.
The diet of C. mitis consists of a combination of leaves, fruit, stems, seeds, 
flowers, bark and invertebrates, the proportions of which depend on the habitat. 
C. mitis have a great ability to adapt their diet to a variety of local conditions 
(Schlichte 1978; Beeson 1989). They have the ability to digest relatively large 
quantities of foliar material due to their convoluted caecum and extensive colon, 
which slow down the passage rate of food permitting microbial fermentation 
(Bruorton 1989). Leaf material is degraded by bacteria in the hindgut enabling the 
efficient digestion of cellulose. This physiological adaptation has increased the 
food types available to C.mitis, thus expanding its trophic niche and leading 
Struhsaker (1978) to classify the species as a dietary generalist. Such a breadth of 
diet has given C.mitis the ability to exist sympatrically with other primate species 
across their distribution (see Rudran 1978; Struhsaker 1978; Cords 1987a; Lawes 
1990). C. mitis inhabits a variety of forest types, including, among others, tropical 
lowland rainforest {C.m.stuhlmanni: Cords 1987a); moist, evergreen rainforest, 
transitional between montane and lowland {C.m.stuhlmanni: Butynski 1990); 
Afromontane forest {C.m.labiatus: South Africa, Lawes et al. 1990), and coastal 
dune forest {C.m.erythrarchus: South Africa and Mozambique, Lawes 1990). 
C.mitis is a territorial species, showing exclusive use of parts of the home range 
and defence of territorial boundaries (Struhsaker & Leland 1979), but see Lawes 
& Henzi (1995); who argues that C.mitis should not be regarded as strictly 
territorial, since aggressive defence of a troop’s home range appears to be 
facultative.
13
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Figure 1.1. Distribution o f the Cercopithecus mitis species group in Africa, (from Lemould 1988).
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Aldrich-Blake (1970) observed that C.mitis exhibit a harem-type social 
organization, where groups contain a number of adult females and juveniles but 
just one adult male, in common with the general guenon pattern (Cords 1987b). 
Males emigrate from their natal troops at puberty and thereafter range alone or in 
association with other males until they are able to take up residence in a bisexual 
troop (Cords 1987b). In more recent studies, observers in certain areas noted that 
resident troop males did not always have exclusive sexual access to the troop 
females, and that in some years in some troops multimale influxes occurred, where 
many males entered the troop during the mating season and mated with females 
(Tsingalia & Rowell 1984; Cords et al. 1986; Henzi & Lawes 1987). These male 
influxes were sometimes followed by troop male replacement. Even in years when 
multimale influxes did not occur, some males have been observed to enter 
bisexual troops (Henzi & Lawes 1988; Cords, in press). Male replacement is 
sometimes followed by infanticide by the new male, having been observed in two 
populations in Uganda: Kibale (Butynski 1982); Budongo (Fairgrieve 1995).
C.mitis are seasonal breeders (Butynski 1988) and receptive females solicit 
matings with males through conspicuous postures and facial expressions 
(Tsingalia & Rowell 1984). Gestation lasts for 140 days (Rowell 1970) and the 
interbirth interval for C.mitis generally exceeds 12 months, typically being two to 
three years (Cords & Rowell 1987).
Group living in primates 
In order to investigate how males and females associate together in primate 
groups, we flrst need to know why most anthropoid primates live in groups at all. 
While it is generally agreed that a cost of living with other individuals is that it 
increases feeding competition (Wrangham 1980; van Schaik & van Hooff 1983; 
Janson 1985; Chapman et al. 1995), the beneflts of group living remain an area of 
contention. Some authors favour the hypothesis that group living is advantageous 
in terms of defence against predators (Alexander 1974; van Schaik 1983; Dunbar 
1988) while others stress the resource defence beneflt afforded by associating 
with others (Wrangham 1980; Cheney & Seyfarth 1987). More recently, a third
15
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potential selective force for group living in primates has been discussed; that of 
threat from conspecifics (e.g. infanticide by incoming males) (Treves & Chapman 
1996). The search for a single element selecting for group living in primates is 
likely to prove fruitless, however, since a combination of factors is almost 
certainly involved, with different components being important in different species 
and populations.
Male association with groups o f females 
Female mammals typically invest far more in their offspring than males do (Trivers 
1972). Under these conditions, females become a limiting resource for males’ 
reproductive success, and this fact has led some authors to reason that while 
female primates are likely to distribute themselves in a manner that gives them 
greatest access to the resources they need to survive and nurture offspring, males 
will distribute themselves in a way that maximises their access to fertile females 
(Wrangham 1980). A major focus of attention has been the question of the factors 
affecting how many males associate with groups of females (for example, this was 
the subject of the inaugural international meeting of the German Primate Centre, 
in Gottingen; December 1997). Many authors have argued that this comes down 
to the ease with which males can monopolise groups of females, and this is 
affected by the temporal and spatial distribution of receptive females, the degree 
of visibiiiiy in me habiiai, me operational sex ratio, and the population density 
(Emlen & Oiing 1977; Clutton-Brock & Harvey 1977; Wittenberger 1980; 
Wrangham 1980; Dunbar 1984). Ridley (1986) reasoned that the seasonality of 
breeding in a primate population should give an indication of the number of 
synchronously receptive females that were likely to be present in a group, and 
therefore the ease with which a single male could defend them. His analysis 
revealed that birth seasons tended to be shorter in multimale groups than in those 
with a single male. Ridley’s methods were criticised, however, by Altmann (1990) 
who argued that the number of females in groups gave a better indicator of the 
number of synchronously receptive females and thus the number of males present 
in primate groups. Her conclusions are supported by an analysis by Mitani et al. 
(1996). If this hypothesis holds true for the guenon species, we should expect to 
see the number of males associating with troops during multimale influxes in the
16
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mating season, to be related to the number of synchronously receptive females in 
the troops. This question is examined for samango monkeys in this thesis.
Some authors have suggested that predation risk may affect the number of males 
residing in groups, as there is some evidence that males are more active and 
effective in the physical defence of the group, than females or immatures (van 
Schaik & van Noordwijk 1989). Some support for this hypothesis was given by 
van Schaik & Horstermann’s (1994) study of colobines which showed that groups 
contained more males in areas where monkey-eating eagles were present. 
However, Baldellou & Henzi (1992) argued that while vervet males are certainly 
more vigilant than females, the males are probably alert for male competitors 
rather than for predators. This study examines predator defence behaviour in 
samango monkeys in order to look for evidence suggesting whether or not 
predation risk selects for male association with troops.
Intergroup resource competition could also potentially select for male association 
with troops if males are active and usefiil during aggressive encounters between 
groups of conspecifics. Although it has been shown that males are more likely to 
be involved in intergroup encounters when access to fertile females is at stake 
(Emlen & Oring 1977; van Schaik et al. 1992; Stanford 1998), if males 
nevertheless increase access to resources for females and their offspring, it seems 
plausible that there is more chance that they will be tolerated in a group, by the 
females and/or the likely male sire(s) of the immatures.
Recently, the avoidance of infanticide has been considered as a potential factor in 
the association between primate males and females (van Schaik & Dunbar 1990; 
van Schaik 1996; van Schaik & Rappeler 1997). Van Schaik (1996) suggested 
that females may benefit through associating with males, if the latter protected 
them and their infants fi-om infanticidal males; the males themselves would also 
benefit if they had sired the infants. Infanticide is predicted to be less likely in 
groups containing multiple reproductively active males. Van Schaik (1996) made 
the prediction that having multiple males in the group or being able to disperse are 
female social options to reduce infanticide risk, and that the absence of both is
17
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unlikely if infanticide exerts selection pressure on female strategies. Yet contrary 
to this prediction, in the forest guenons, a combination of female philopatry and a 
unimale social organization is the norm (Cords 1987b). Van Schaik (1996) 
suggested that the phenomenon of multimale influxes during the mating season in 
guenon groups could be seen as an anti-infanticide strategy, in which paternity is 
confused, resulting in reduced likelihood that infanticide by new resident males 
will occur. This hypothesis is examined here using observations of samango 
monkey behaviour.
Primate mating systems 
Anthropoid primates exhibit a wide range of mating systems, ranging from 
monogamy in, for example, many Cebids and in the gibbons, polyandry in some 
Callitrichids, to polygyny or mutimale-multifemale systems in the majority of New 
World and Old World monkeys and apes (Dixson 1998). This thesis is concerned 
with a polygynous species, and thus the situation for polygynous primates will be 
introduced in this section. The term polygyny is defined here as applicable to 
societies containing unimale units where many females tend to mate with one male 
per female cycle (after Dixson 1998). A polygynous mating system is found in all 
of the guenons {Cercopithecus spp.) with the exception of the vervet monkey, 
and is also found in the closely related patas monkey {Erythrocebuspatas).
It is generally accepted that in a polygynous system the resident male of a unimale 
unit will have reproductive priority over non-unit males during his period of 
tenure. However, it must be noted that the mating system of a species or 
population is not the same as its social system (Rowell 1993), and in a number of 
so-called polygynous species, non-unit males have been observed to have 
significant mating success (for review see Dixson 1998). Since males will be in a 
position to follow the optimal strategy for gaining access to females for only a 
small part of their lives, if at all, we should not be surprised to find that males 
adopt alternative strategies to achieve mating success. Where alternative 
strategies yield, on average, an equivalent reproductive success, we then have a 
mixed evolutionary stable strategy (Maynard Smith 1982).
18
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As noted above, male Cercopithecus mitis have the potential to follow alternative 
strategies for mate acquisition, since non-troop males may enter troops during the 
mating season and mate with females. This study examines the costs and benefits 
of alternative strategies for male samango monkeys, the profitabilities of these 
strategies, and the factors determining which strategy a male follows. The strategy 
of infanticide by males is specifically examined, in order to determine whether or 
not it is an adaptive behaviour enhancing the male’s chances of reproduction.
Mating competition and mate choice 
Wrangham’s (1980) hypothesis, that males map their distribution on to that of 
females, finds its basis in the theory of sexual selection as originally proposed by 
Darwin (1871). Darwin postulated that sexual selection comprises two processes; 
intrasexual competition between males for female mates, and intersexually 
selected female choice for mates. In addition, the sexually selected processes of 
female-female competition and male mate choice must also be considered, 
although these are thought to be less prevalent than male-male competition and 
female mate choice.
In a polygynous species such as the samango monkey, one would expect to see 
intense male-male competition for residency in troops of females, with the 
potential for mate choice by males. However, given that some troops experience 
multimale influxes during some mating seasons, there is, in addition, the potential 
for female mate choice. Furthermore, given that the usual situation for samangos 
is for many females to have sexual access to a single adult male, there is also the 
potential for female-female mate competition. In this thesis, the mating behaviour 
of samango monkeys and the mode of competition for mates is examined. Where 
mate choice is apparent, the potential criteria upon which these choices may be 
made is discussed.
Development o f male behaviour and relationships 
One relatively neglected area of primate behaviour is that of juvenile behaviour 
and the development of the relationships by juveniles that will benefit them later in
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life (Fairbanks & Pereira 1993). In a species exhibiting female philopatry and male 
dispersal such as the samango monkey, it is of particular interest to determine 
how males prepare themselves for emigration from their natal troop, extratroop 
life where they may live with other non-resident males, and finally the gaining of 
residency in a bisexual troop where they may breed. This study examines the ways 
in which juvenile males behave and the relationships they foster, and then looks at 
how this influences their relationships and behaviour later in life.
Summary: questions addressed in this thesis
1. How do males compete for matings with females? Which sexually selected 
behaviours are most important in shaping the mating system of samango 
monkeys? (Chapter 3).
2. What strategies do males employ to gain access to females and what are the 
relative profitabilities of these strategies? (Chapter 4).
3. What factors determine the number of males associating with troops in the 
mating season? (Chapter 5).
4. Is infanticide a feature of the study population, and if so, what affects its 
occurrence? Is there evidence that infanticide risk has played a part in the 
evolution of the social and mating system? (Chapter 6).
5. How do males associate together and how do these relationships develop? Is 
there any evidence of co-operation among males? (Chapter 7).
6. How does predation risk affect the behaviour of samango monkeys? Is there 
any evidence that males associate with female troops for reasons of defence of 
the troop from predators? (Chapter 8).
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Chapter 2. 
Study Site, Subjects, Data Collection Methods, & Basic Ecology
1. Study Site
Location and Description
Data were collected between January 1995 and February 1997 at Cape Vidal on the 
north coast of KwaZulu Natal, South Africa (28°05’35”S, 32°33’40”E) (Figure 2.1). 
Cape Vidal is situated 35km north of the town of St. Lucia and lies within the Indian 
Ocean Coastal Belt Forest which stretches 240km from Mbonambi beach in the 
south, to Kosi Bay in the north. The forest exists as an almost unbroken belt of 
between 0.2 and 3.5 km wide (Lawes 1990) (Figure 2.2). Cape Vidal is a reserve of 
the KwaZulu Natal Natural Conservation Services (KZN-NCS, formerly known as 
the Natal Parks Board) and the forest has been protected from poaching and 
deforestation. The forest at the site is bounded to the west by Lake Bhangazi, and to 
the east by the Indian Ocean. The study area includes a KZN-NCS campsite for the 
use of tourists who go to Cape Vidal mainly for sea fishing (Figure 2.3).
Fauna
In addition to Cercopithecus mitis erythrarchus, two other primate species occur in 
the study area; the thick tailed bush baby (Galago crassicaudatus) and small numbers 
of the vervet monkey {Cercopithecus aethiops). Other common mammal species in 
the study area are: red duiker {Cephalophus natalensis), bushbuck {Tragelaphus 
scriptus), banded mongoose {Mungos mungo), bushpig {Potamochoerus porcus), 
porcupine {Hystrix africaeaustralis), red squirrel {Paraxerus palliatus tongensis), red 
veld rat {Aethomys chrysophilus) and the pouched mouse {Saccostomus campestris). 
Less commonly seen within the ranges of the study animals were: kudu {Tragelaphus 
strepsiceros), hippo {Hippopotamus amphibius) and leopard {Panthera pardus). 
Approximately 150 bird species were present in the Cape Vidal forest, although 
frugivorous species were not notably abundant (Lawes 1990). The crowned eagle 
{Stephanoaetus coronatus) and the Natal rock python {Python natalensis) occur in 
the study area, and along vrith leopard, are potential predators of samango monkeys.
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Figure 2.1. Locality of the Cape Vidal study site
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Figure 2.2. Map o f  the coastal dune forest and lake systems surrounding Cape Vidal (from 
Lawes 1990)
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Figure 2.3. Map o f study area showing grid and trail systems
<»
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Flora and Food Availability
The ranges of samango monkeys at Cape Vidal included three main plant 
communities: coastal thicket, dune forest and Acacia karroo woodland. The coastal 
thicket is the most seaward of these commi^iities, occurring next to the beach and 
consists of multiple-stemmed dwarf trees and shrubs (0 - 5 m high) with a compact 
canopy (Tinley 1985). This community is characterised by the species Mimusops 
cajfra, Brachylaena discolor, Crysanthemoides monilifera, Apodytes dimidiata, 
Rhus natalensis, and Grewia occidentalis. The dune forest comprised three strata 
(Weisser 1980): canopy trees of 7 -18m, usually supporting one or two epiphytes, 
understory trees of 1.5 - 6m, and a shrub layer of 0 - 1.5m and predominantly 
consisting of dense stands of Isoglossa woodii. Stands o f Acacia karroo grow in dune 
troughs well inland from the sea and are an indicator of previous subsistence farming 
in the area (Weisser 1980). The undergrowth in these woodland areas consist of the 
grasses and seedlings of tree species such as Celtis qfricana, Allophylus natalensis, 
Teclea gerrardii, and Deinbollia oblongifolia (Lawes 1990).
A detailed study of the diet of samango monkeys at Cape Vidal was conducted by M. 
Lawes between 1986 and 1987 (Lawes 1990). IDs data on food availability, and food 
species and plant parts used by samango monkeys are presented here (Figure 2.4; 
Table 2.1). Samango monkeys have few frugivorous competitors at Cape Vidal, and 
in spite of seasonality of food abundance in the study area, samangos are able to 
maintain a high quality diet, with a high proportion of fruit, throughout the year 
(Lawes 1991).
Climate
Rainfall and maximum and minimum temperatures were measured daily by the author 
at the Cape Vidal research camp (Figure 2.5). Cape Vidal lies in the subtropics and 
experienced a maximum mean monthly temperature in February of 31.4°C and a 
minimum mean monthly temperature in July of 13.43°C. The absolute maximum and 
minimum temperatures recorded were 35°C and 10°C respectively. Rainfall occurred 
throughout the year with a peak in January, but also showed high levels in some 
winter months.
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Figure 2.4. Food availability indices scoredfor the Cape Vidal stiufy area from May 1986 throu^ July 1987 
(reproduced with permission, from Lawes & Piper (1992)). This figure shows the relative timing ofphytophase 
phenology for Jhdt, flowers, and leaves (for methodology used to calculate food availability indices, see Lawes 
& Piper (1992)).
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Table 2.1. The rank order and cumulative percaitage frequoKy o f use of the top 20 spedhc food items for 
samango monkeys in the Vidal stu(fy area, for the period Jufy 1986 to Jufy 1987. Reproduced with 
permission from Lawes (1991). For data collection methods, see Lawes (1991)
Rank order of specific food itan
Freq.
Use
Cumulative 
frequency (%)
1. Mimusops cajfra (ripe fruit) 535 10.6
2. Isoglossa woodii (ripe fruit) 354 17.6
3. Acacia karoo (mature leaf) 271 23.0
4. Grewia occidentalis (r^  fruit) 247 27.9
5. Diospyros natalensis (rçe fruit) 206 32.0
6. Isoglossa woodii (mature leaf) 183 35.6
7 .1. woodii (open flower) 163 38.8
8. Dovyalis long)spina (unr^ fruit) 161 42.0
9. Acacia karoo (uewleaQ 156 45.1
10. Diospyros inhacensis (mature leaf) 129 47.7
ll.Scolopiazeyheri (openflower) 128 50.2
12. Mimusops cajfra (open flower) 121 52.6
13, Grewia occidentalis (setting fruit) 89 54.4
14. Diospyros inhacensis (rçe fruit) 84 56.1
15. Scolopia zeyheri (unripe fruit) 83 57.7
16. Strychnos madagascariensis (unrq>e fruit) 72 59.1
n . Acacia karoo (leaf bud) 71 60.5
18. Apodytes dimidiata (opmi flower) 69 61.9
19. Olea woodiana (unripe fruit) 62 63.1
20. Celtis africana (new leaf) 54 64.2
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Figure 2.5. Climatic data for Cape Vidal: May 1995 - August 1996. Values for total rainfall 
per month and for mean maximum and minimum daily temperatures (C) per month are shown
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Other Studies o f C.mitis at Cape Vidal
MXawes conducted a two year study of samango monkeys at Cape Vidal (1986 - 
1987). This research constituted part of his doctoral thesis on the “Socioecology and 
Conservation of Samango Monkeys in Natal” (Lawes 1990). Concurrently with the 
present study, research for an MSc degree on the effect of feeding competition on 
female relationships in samango monkeys at the site was conducted by H.Payne 
(University of Natal). In March 1997, immediately following the present study, 
K. Chapman carried out a two month study to look at methods to prevent samango 
monkeys scavenging food in the public campsite at Cape Vidal (Chapman et al. 
1998), and M.Lightbody & A Martin (University College London) studied foraging 
and vigilance behaviour in one troop of Cape Vidal samango monkeys between April 
and July 1997 inclusive.
Grid and Trail System
Between April and June 1995 a system of 50m x 50m grid cells throughout the study 
area was constructed (Figure 2.3). Tree marker boards at the comer of each cell 
displayed the number of the cell. This grid system was used to map the ranging 
patterns of study troops. An extensive trail system was cut throughout the ranges of 
the study subjects (Figure 2.3). This was done mainly in the first six months of the 
study, although additional trails were cut as monkey ranging patterns changed. The 
trails did not usually follow the boundaries of cells; thick vegetation meant that it was 
easier and less destructive to take the lines of least resistance when cutting trails and 
this often involved improving animal trails.
2. Study Subjects
Selection o f subjects
Previous studies have indicated that C.mitis occur in bisexual troops, usually 
containing a single adult male, with extratroop males ranging alone or in small, all­
male groups (Cords 1987b). Given the short duration of this study (two years), it was 
decided to conduct observations on as many troops as possible in order to maximise 
the reliability of the data obtained. Three study troops (A,B & C) were selected, this
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being the maximum number of troops that could be observed sufficiently. These 
troops were chosen on the basis of their accessibility and high level of habituation to 
humans. All three troops spent a small proportion of their time in areas used by the 
public and were therefore used to human proximity. Observations were also carried 
out on extratroop males occurring within or near the home ranges of the study 
troops. Study troop C was also observed by H.Payne for a separate study on different 
days.
Observation conditions
Almost from the beginning of the study, it was possible to observe study troop 
individuals from within 10m on most occasions. In spite of this, observation 
conditions were difficult because of the thick vegetation and the fact that troop 
members spent most of their time spread over a wide area and remained fairly quiet 
most of the time. Typically, only a very few individuals were within view of the 
observer simultaneously. During the first few months of the study, observer contact 
was often lost with study troops as they entered an impenetrable (for humans) patch 
of forest. This situation improved dramatically as the ranging patterns of the study 
troops were determined and trails were cut into these areas, however, even in the 
later part of the study, contact was still occasionally lost with troops for up to several 
hours. Recognition of individuals and detailed observations of certain behaviours 
were facilitated with the use of Zeiss 8x40 binoculars.
Individual Identification
Some monkeys could be identified individually by natural features; tail kinks, nipple 
lengths, nipple markings, and ear nicks proved particularly usefiil, while facial 
characteristics and scars were also used. Adult males tended to be the easiest to 
individually recognise. However, for the majority of study subjects, natural markings 
were not sufficient to identify them consistently. Since this study examines the 
reproductive strategies of individuals it was important to be able to distinguish them, 
and so a program of trapping and ear tagging was implemented (see below).
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Trapping, Marking, and Weighing Individuals
In order to mark monkeys for individual identification, they were trapped in wire 
mesh cages using finit or bread as bait. Each individual was then anaesthetised with 
an injection of Ketamine. Monkeys were given two eartags, each consisting of a small 
plastic cable tie with a sleeve of coloured plastic (washing line), and these were 
threaded through holes made in the ear using a leather punch, and were then securely 
fastened into small rings. Each monkey had a unique combination of coloured tags. 
After completion of this procedure, each monkey was weighed using a Salter 25 kg 
spring balance (model 235), accurate to within lOOg. The monkey was then returned 
to its cage trap and then released when fully recovered to rejoin its troop.
This trapping and marking procedure began in April 1995 and continued throughout 
the study period until the end of February 1997. Efficiency in the procedure improved 
over time as experience in the techniques was gained and more traps were obtained. 
By the end of 1995 the majority of study troop animals had been tagged (n = 49). By 
February 1997, a total of 87 individuals had been tagged: 72 of these were study 
troop animals, with the remaining 15 being members of neighbouring troops or 
extratroop males.
Age/Sex Categories
Ten age/sex categories were recognised (Table 2.2). Age class categories are the 
same as those used by Rudran (1978) for Cercopithecus mitis stuhlmanni (detailed 
age classifications are not available for other studies of this species). Individuals could 
not be classified as infants using weaning age since weaning usually occurred very 
gradually, especially in the absence of a younger sibling, and youngsters as old as two 
years were seen suckling occasionally. Thus, in this study infants were defined as 
individuals of less than one year of age simply for convenience; i.e. they were called 
infants until the next batch of offspring were bom in the next birth season. Two 
juvenile stages were differentiated; J1 for small juveniles (one - approximately three 
years of age), and J2 from three years until sub-adulthood at around five years for 
females and five and a half years for males. Females were classed as adults once 
parous and this occurred between five and seven years of age. Sub-adult males were
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Table 2.2. Age/Sex class definitions
Age Class Sex Weight Criteria V^proximate Age (years) Other Criteria
Infant (I) F
M
<1
<1
Juvenile 1
(Jl)
F <2.0kg 1-3
M <2.0kg 1-3
Juvenile 2 
(J2) F 2.0 - 2.5kg 3-5
M 2.0 - 4.01% 3-5.5
Sub-adult
(SA) F >2.5kg 5 until up to 7
NuUiparous, but b^inning to show 
sexually receptive bdiaviour
M 4.0 - 5.01% 5.5 until up to 7 Leaner than adults, testicles become visible
Adult (A) F 5-7+ Parous
M >5.01% 6-7+ Heavy build
Table 2.3. Mean body mass in kg for adult male and adult female Cercopithecus mitis
Adult Male Adult Female
Site/Reference n Mean SD n Mean SD
Cape Vidal (this study) 13 6.53 0.62 25 3.43 0.37
AnapolefaZ. (1995) 33 7.93 * 34 4.25 *
Zaire. Colyn (1994) 41 5.85 0.92 94 3.93 0.62
Cords 1987(a)t 6 6.91 0.39 14 4.15 0.57
♦Figures not available.
tData from A.J. Haddow’s unpublished field notes, British Museum, Natural History.
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Figure 2.5. Adult male samango, AMB
Figure 2.6. Adult female samango grooming a juvenile (1)
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nearly adult sized but had a leaner build than adults. Males were judged as adults on 
the basis of their muscle bulk, larger testicle size, and the vertebrae of their tails were 
more visible than those of sub-adult males. Onset of adulthood in males was estimated 
to occur at around six to seven years of age.
After a number of monkeys had been trapped and weighed it became possible to 
assign weight criteria to the different age/sex classes. Unweighed monkeys were then 
classified by comparing their observed size with weighed individuals. Thus Jls 
weighed less than 2kg. J2s weighed between 2kg and 4kg for males and between 2kg 
and 2.5kg for females. Males were classed as sub-adult when they weighed or were 
estimated to weigh between 4kg and 5kg, during which stage their testicles became 
visible. When above 5kg, males were classed as adults. Females began showing 
sexually receptive behaviour during sub-adulthood at above 2.5kg, and were then 
classified as adults once they had produced their first infant. Mean mass for samango 
adult males was 6.53kg, (SD = 0.62, n=  13); adult females 3.43kg, (SD = 0.37, n = 
25). Measures of mass for adult samangos are relatively low when compared to those 
from other C. mitis populations (Table 2.3), and they show a relatively high degree of 
sexual dimorphism in body size (Chapter 3).
Each individually recognised monkey in this study was given a unique code signifying 
their age class and their sex, and a letter(s) denoting their individual identity. Thus, 
AFK is adult female “K”, and J2MN is juvenile (class “2” = large) male “N” (see 
Table 2.2). This nomenclature has been used throughout this thesis.
Troop Composition
In common with the general guenon pattern (Cords 1987b), samango monkey females 
remain in their natal troops while males emigrate as immatures (this study. Chapter 
7). For the most part, samango troops contain a single adult male resident, although 
during some mating seasons several adult males enter troops (Henzi & Lawes 1987, 
1988; this study. Chapter 5). Because of difficult observation conditions, accurate 
troop counts were impossible until a large proportion of troop members had been 
tagged or could be otherwise individually identified. Study troop size at the end of the 
main fieldwork period in October 1996 ranged between 22 and 26 (Table 2.4). The
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Table 2.4. Composition of study troops in October 1996
Troop AM AF SAM SAP J2M J2F JIM JIF JIU* IN Total
A 2 9 0 1 1 3 3 3 2 2 26
B 1 7 0 2 1 0 4 1 0 6 22
C 1 8 0 1 1 2 7 1 1 0 22
♦sex unknown
Table 2.5. Composition of all-male groups from opportunistic sighting records
Age-class % Total membership
Range of number of 
members Modal number of members
Juvenile (2) 48% 1-7 1
Sub-adult 13% 1-3 1
Adult 39% 1-4 2
Total ---- 2-12 3
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number of adult females per troop in the three study troops over two years ranged 
between seven and 11 (Table 2.10).
Extratroop samango males ranged alone, or in small, all-male groups which may 
contain adults, sub-adults and/or juveniles, or followed bisexual troops as satellite 
males during the mating season (see Chapter 4). Of 64 recorded opportunistic 
sightings of extratroop males over the study period, 30 (46.9%) were sightings of 
lone males, 23 (35.9%) were sightings of all-male groups, and 10 (15.6%) were 
sightings of satellite males, i.e. males following bisexual troops. All-male group 
sightings comprised sightings of groups containing between two and 12 individuals, 
vrith a modal membership of three (Table 2.5). The modal as opposed to mean 
number of members is given here, since a large (6-12 member) all-male group formed 
during the last few months of the study: most of the members of this group were well 
habituated and the group was sighted relatively frequently, so that a mean value for 
number of members would give a falsely high estimate. The age-class composition of 
these all-male groups is given in Table 2.5.
3. Sampling Methods
Behavioural Sampling o f Bisexual Troops
Low visibility in forests means that sampling the behaviour of forest primates is 
usually difficult, and samango monkeys at Cape Vidal provided no exception. Only a 
small fraction of the troop could be viewed simultaneously, and thus a combination of 
systematic sampling techniques were chosen to maximise the amount of information 
obtained while minimising bias. These included scan sampling, focal animal sampling, 
behaviour sampling (all occurrences) and ad libitum observations, as detailed in 
Altmann (1974).
(a) Scan Sampling
In order to obtain information on individual activity budgets and degrees of 
association among individuals, instantaneous scan samples were conducted every 30 
minutes, starting on the hour and half hour. The scan sampling technique has been 
used to examine the activity budgets of a wide range of primate species, for example.
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red colobus, Colobus badius (Clutton-Brock 1975), white-cheeked mangabeys, 
Cercocebus albigena (Waser 1975), blue monkeys, Cercopithecus mitis stuhlmanni, 
and redtail monkeys, Cercopithecus ascanius (Cords 1987a) and samango monkeys, 
C. mitis erythrarchus (Lawes 1990). As many troop members as could be located 
within a 10 minute period were sampled. A sampling time of 10 minutes was used to 
maximise the number of sampled individuals while maintaining independence of 
sample periods and allowing time for focal sampling to be conducted. No individual 
was sampled more than once during a scan period. The time, troop identity, and the 
presence or absence of the resident adult male in the troop were recorded during each 
scan. “Absent” meant that there was no sight nor sound of the adult male during the 
scan or in the preceding 20 minutes since the last scan ended. For each sampled 
individual the following were recorded;
(i) its identity (ID)
(ii) its behavioural state*
(iii) ID of behaviour partner if appropriate
(iv) whether or not it was vigilant*
(v) whether or not it was scanning*
(vi) the ID of all proximate (within Im) individuals
(vii) the ID of all individuals in physical contact 
(vüi) distance and ID of nearest neighbour
(ix) distance of second nearest neighbour (in addition to the first) if the nearest 
neighbour is an infant (since social relationships are being examined here, it is 
necessary to separate mother-infant associations from data on adult female 
associations with other individuals)
(x) position in relation to substrate and whether or not “exposed” in that positionf
(xi) the presence or absence of a clinging or suckling infant
♦Definitions are given in Table 2.6.
tPositions include: ground, understorey, lower canopy, mid canopy and upper canopy, “exposed” is 
defined as“where the individual can be seen fi’om bô^ond 10m away for at least 180° circumference”
With instantaneous behaviour sampling, there is the danger of biasing results by 
recording conspicuous behaviours more readily than others, for example, the observer 
is more likely to notice an animal who is moving than one who is quietly feeding. This
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Table 2.6. Definitions of instantaneous behaviour categories, and of “scan” and “vigilant’
Category Definition
Feed Manually searching for, handling, or ingesting food item
Move Walking, running, leaping or climbing
Autogroom Go through one's own fur picking out particles
Autoplay Jumping, swinging, manipulating objects etc.
Cling Clinging to vaitrum of anothCT individual
Drink Drink from tree hollow, taps, or lick water off leaves or bark
Pyow Male vocalization usually occurring in a long series
Stand Stand on all fours (as opposed to "Rest")
Suckle Suck on adult female’s nipple
Rest Sit OT lie
Agonistic Be involved in agonistic interaction, eg. attack, supplant, head bob, chase
Groom Go through the fur of another individual picking out particles
Play Engage in wrestling, chases, rough and tumble etc. with at least one other individual
Sex Sexual interaction, including present, mount, thrust, or post-copulatcry hold
Social Other Social activities not included in other categories
Other Activities not included in other categories
Scan
Vigilant
Visually search the surrounding vegetation for food items 
Be alert and appear to be viewing surroundings beyond 10m away
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bias can be avoided in a number of ways. Some primate researchers have recorded the 
first behaviour that the sampled individual has carried out for a certain length of time 
after being located, e.g. Cords (1987a); Lawes (1990); Butynski (1990). This 
technique is not instantaneous and was not used here as it excludes behaviours of 
short duration and does not allow direct comparison with instantaneous samples 
taken during focal samples in this study (see below). The present study follows Hill 
(1991) in recording the relevant details for each individual, instantaneously, five 
seconds after it is located. This instantaneous recording means that scan and focal 
data in this study are comparable thus allowing a check for bias (see below).
(b) Focal Animal Sampling
Focal sampling involves concentrating observations on a single subject for the sample 
period and was used here to yield information on rates of behaviours, on social 
interactions and the individuals responsible for initiating those interactions, as well as 
providing more detailed recording of behavioural states (in addition to the 
instantaneous scan data). Focal samples were performed on all sub-adult and adult 
monkeys in 3 study troops.
Focal sampling involved:
(i) instantaneous samples as detailed above for scans ((ii) - (xi)), once per minute on 
the minute, to give a measure of the proportion of time the individual spends in 
different states.
(ii) continuous recording of behavioural events in order to obtain the frequency and 
order of events (see Table 2.7 for definitions).
(iii) recording an estimate of the distance travelled by the focal individual during each 
sampling period.
Focal samples of troop monkeys were carried out for up to 20 minutes in the period 
between scan samples. Focal samples were performed whenever possible, i.e. when a 
subject could be located and followed. The duration of samples was recorded using a 
stopwatch. If the focal animal was lost fi’om view the stopwatch was stopped until it 
was relocated. If relocation was not possible after a maximum of 5 minutes the 
sample was terminated.
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Table 2.7. Definitions of behavioural events
Bdiaviour Definition
Groom
M izzle
Play
Solicit Grooming
Attack
Avoid
Chase
Charge
Harass
Head Bob
Lunge
Open Mouth Threat
Supplant
Stare
ARiroach
Follow
Leave
Move Away
Move Up
Head Flag
Pout
Gaiital Sniff 
Mount
Post-Copulatoiy Hold
Present
Thrust
Withdraw
Boom
Chirp
CKck
Grunt
Katrain
Kehkeh
Pyow
Trill
Move
Autogroom
Autoplay
Suckle
Gfditrain
Going dtrou^ another's fiir and picking out particles
Move muzzle up to anodier's face or body
Engage in wrestling, chases resulting in ro u ^  and tumble, etc.
Present a body part to be groomed
Aggressively contacting anodier individuaL eg. biting, hitting, grabbing
The individual actively removes itself fiom the path of anodier individual, as the latta a^iroaches 
Run toward and fiillow another individual causing that individual to move away 
Move quickly and noisily A rou^  trees, shaking hunches
Move up to anoAcr individual while uttering aggressive vocalizations, wiAout contact 
Mrving head up and down wiA a jerky movement while staring at another individual 
Lunge towards another nearby individual wiAout making contact 
Stare wiA open mouA
Move towards another individual causir% that individual to move away and Aen to occupy Aeir position 
Look directly at anoAa individual and move head forward sharply 
Move to within Im of another individual
Move synchronously wiA anoAer individual in Ae same direction and behind that individual for at least 10m
Move fi’om wiAin Im of anoAer individual
Move fi'om wiAin 3m of anoAer individuaL but not fiom within Im
Approach anoAer individual to within 3m but not wiAin Im
Move head in a ^ ic k  sideways movonent
Protruding lips fiirming 'o' shape
Sniff lick or inspect Ae genitals of anoAer individual
Climb onto hind quarters of another, standing on Aat individuals lower legs
Male holding on to female in Ae cc^ulatory position after ejaculation is suspected to have taken place
Present hindquarters wiA tail raised
H ÿ  thrusting after mounting
Female pulls away from male mounting
Low frequency, loud adult male vocalization
H i^  pikAed, shoit, female/juvenile vocalization, consistent wiA general alarm 
High pitched, sharp, female/juvenile vocalization, consistent wiA general alarm 
Low pitdied female/juvenile vocalization (contact call)
Adult male loud vocalization consisting of rqietitive short bursts 
Low pitched female/juvenile aggressive vocalization 
Short, h i^  pitched adult male loud vocalization
Quiet, high pitched female/juvenile/infimt vocalization, possibly a contact call 
Travel more than 5m 
Groom one's own fin
Jumping, swinging, manipulating object for no particular purpose etc.
Infant or juvenile sucking APs nipple
Adult male loud call made in response to aerial predators (see Chapter 8)
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An attempt was made to sample the troop male for around half the available focal 
sampling time. Other individuals, i.e. adult and sub-adult females, were sampled on 
the basis of observability, i.e. individuals who could be located were sampled. Where 
there was a choice of potential focal animals, the one who had been sampled least 
recently was selected. It was impossible to sample all individuals equally. For the 
comparison of individuals this should not be a problem as rates of behaviours and 
proportions of time spent in different activities are being dealt with. However, it 
should be noted that where individuals are lumped together into age/sex categories, 
this could be a source of bias, if the individuals who are sampled less also tend to 
have different behaviour patterns. In no case is such a comparison carried out in this 
study where this is suspected to be the case.
Activity budget scores were compared between those calculated using instantaneous 
focal samples and and those using scan sampling of behaviour, in order to check for 
bias. Bias could occur in scan samples because of differential observability of animals 
during different activities, and could occur during focal samples if animals are difficult 
to follow during a particular activity. The numbers of instantaneous samples involved 
in each behaviour category were compared between the total scan samples and the 
total instantaneous focal records (all focal samples combined) for adult females and 
for resident troop adult males (see Table 4.1 for definition) (Figure 2.8). For troop 
adult males, scores for scan and focal samples were significantly different; = 22.77, 
df = 6, P<0.001. However if the scores for the behaviour “Move” are removed, no 
significant difference exists; = 11.07, df = 5, 0.10<P<0.25. In spite of efforts made 
to reduce bias resulting fi’om over-sampling of conspicuous behaviours (see section 
on “Scan sampling” above) there still was a tendency to overestimate the proportion 
of time spent moving during scan sampling. This is likely to be due to the fact that 
moving individuals are more visible than those that are stationary. This factor should 
be taken into account when examining activity budgets based on these scan data. In 
this thesis, however, such data are used only in comparison between classes of 
individual, and it is likely that observations of all classes have suffered the same bias. 
When scores for adult females are compared, values for scan and focal samples are
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Figure 2.8. Comparison of percentage of instantaneous samples where each behaviour category 
observed between scan samples and instantaneous focal samples, for (a) troop adult males, and 
(b) adult females
Adult Males
Behaviour Category
Adult Females
□  % scan samples 
■  % focal samples
40 --
□  % scan samples 
■  % focal samples
Behaviour Category
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significantly different; ^  = 150.72, df = 6, f <0.001. In this case, several behaviour 
categories contribute to this difference. This is likely to be due to adult females being 
extremely difficult to sample focally since it ’was usually impossible to maintain 
contact with them for more than a few minutes. This means that focal samples are 
biased towards behaviours where the female is likely to be stationary, such as resting 
and grooming. For this reason, instantaneous focal data from adult females were not 
analysed in this thesis and analysis of female behaviour is restricted to data obtained 
during scan samples, behaviour sampling and ad libitum observations. It must be 
noted that one danger in analysing these instantaneous focal data where samples are 
collected at one minute intervals is that consecutive samples are not independent, 
invalidating the number of degrees of freedom used (Hurlbert 1984).
analyses are used for the majority of comparisons between classes of individual in 
their behaviour in this thesis. This is not ideal, since such analyses assume that all 
individuals of a given class tend to behave in the same way, which may not necessarily 
be the case. It would certainly be preferable to treat individuals, rather than groups of 
individuals, as separate samples for the purposes of analysis. However, it was not 
possible to do this given the dearth of data for some individuals, thus data for 
individuals of the same class were pooled for analysis, and interpretation of the results 
must take the potential bias of this method into account.
(c) Behaviour Sampling (all occurrences)
All observed occurrences of certain behaviours were recorded from May 1995 
onwards (five months into the two year study).
(i) Grooming:
To supplement systematic grooming data for the construction of grooming matrices, 
all observed occurrences of grooming not collected systematically were recorded 
where the individuals involved could be identified.
(ii) Major aggressive interactions:
Fights involving contact were rare but were important in this study. Hence, all 
observed occurrences of aggressive interactions involving contact that were not 
recorded systematically, were recorded in cases where the individuals involved could
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be identified. The events surrounding the fight, which antagonist backed down, and 
any vocalizations, were also noted.
(iii) Male loud calls;
The timing of every detected occurrence of a “boom” or “pyow” call was recorded 
along with the identity of the caller where possible and his behaviour. As much 
contextual information as possible was collected ad libitum, such as, the predominant 
activity of the troop, presence or absence of other troops or extra-troop individuals, 
presence or absence of a predator, reactions of other individuals to the call, 
subsequent actions of the caller and other vocalizations.
(d) Ad libitum Observations
This was used for events that could not be measured systematically (e.g. because it 
was necessary to describe the behaviour of several individuals simultaneously), but 
nevertheless were important for the interpretation of behaviour. Ad libitum 
observations mainly consisted of contextual information surrounding social 
interactions.
Behavioural Sampling o f Extratroop Males
Extratroop males were very difficult to observe systematically because (1) they were 
usually less habituated than the study troops, (2) they typically ranged into areas 
where trails had not been cut making it difficult to follow them, and (3) their ranging 
patterns were highly variable making it difficult or impossible to predict their location.
Most observations of extratroop males during this study were opportunistic and 
occurred during data collection on study troops, during surveys, or at times when the 
observer went out to observe animals opportunistically. During these latter two 
situations, instantaneous samples were performed on extratroop males when they 
were first observed, recording data as for scan samples in bisexual troops, yielding a 
small amount of quantitative data.
From April to September 1996 (i.e. during the mating season) two to four half days 
per week were devoted to attempting to focally sample extratroop males. As the 
mating season got underway, most of this time was spent sampling extratroop males
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associating with study troops, especially in A troop which experienced a multimale 
influx during the 1996 mating season. In these cases, one observer collected 
systematic data on the study troop as usual while another observer spent their time 
focally sampling extratroop males. Focal samples on extratroop males were continued 
for as long as possible. When the focal animal was lost for more than 5 minutes, 
another focal male was selected as soon as possible.
Surveys
From November 1995 until September 1996, up to four surveys per week were 
carried out (total number of surveys walked was 83). A circular route of 2km through 
and slightly beyond the home ranges of the three study troops was walked. The 
surveys were alternated with respect to whether they were carried out in the morning 
or afternoon and whether they were walked clockwise or anticlockwise. For each 
observation of monkeys, the distances fi*om the path and from the observer to the first 
observed individual were recorded, along with the grid cell location and stating 
whether the monkeys were in a troop or were extratroop. The number of individuals 
seen from the track was recorded, giving age/sex classes and IDs where possible. 
Weather conditions during the survey were recorded. The opportunity was taken to 
record distinguishing features for future identification of animals. These surveys 
yielded usefiil information on the association between different troops, and between 
troops and extratroop males. They also allowed instantaneous behavioural sampling 
of extratroop males as described above.
Troop Ranging Patterns
During troop contacts, the following information was recorded every half hour, at the 
end of each scan sample (see above); (i) the cell number where most of the troop 
members were located during the scan, and (ii) the estimated distance travelled by the 
centre of the troop since the last scan. This information was used to calculate home 
range size, degree of range overlap, and day journey length.
Home range size: this was calculated for each study troop by counting the number of 
different 50mx50m cells entered by the troop during troop follows over two years, 
and then converting the result into hectares. This method has been used in several
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other studies of C.mitis (Rudran 1978; Cords 1987a; Butynski 1990; Lawes 1990; 
Fairgrieve 1996). Struhsaker (1975), Rudran (1978) and Olson (1986, cited in 
Fairgrieve 1996) have argued that the accuracy of this measure is dependent on the 
size of cell used. Results will be more accurate where every part of the recorded cell 
is used, and this can be maximised by using the smallest possible size of cell. In this 
study, a cell size of 0.25 hectares was considered the optimum, since given the 
general level of group spread, this size was the smallest that would normally include 
the majority of the troop at one time.
Degree of range overlap: for each study troop, the number of 50x50m cells where 
only the troop in question was observed to enter were counted and this figure used to 
calculate the percentage of range overlap with other troops.
Day journey length: because troops were followed for half days rather than full days 
(see data collection schedule), and because contact with troops was fi-equently lost 
for periods of up to several hours, the distances travelled by study troops over 
individual days were not calculated. Instead, day journey length was estimated thus: 
The mean estimated distance travelled by the centre of study troops for each half hour 
of the day between 6:00 and 18:00 during troop contacts was calculated. These 
means were summed to obtain an approximate day journey length.
Population Density
While the number of individual samangos seen during surveys was recorded, these 
figures could not be used to calculate population density, as originally planned, for 
two reasons: Firstly, the heterogeneity of the environment (some thick forest and 
some open areas) meant that visibility was extremely variable, and secondly, the 
different troops and individuals were differentially observable because of differing 
degrees of habituation. Instead, population density was calculated using the number 
of individuals known to reside in the three study troops, the number of extra-troop 
males in the area, and the combined home range area of the three study troops. In her 
study of blue monkeys. Cords (1987a) also calculated population density using 
known home ranges and known and estimated troop counts (Cords, pers. comm ). In 
the present study, given that non-study troop ranges overlapped to a certain but
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unknown extent with this area, this value must be taken as an absolute minimum. 
Recording Media & Data Analysis
Instantaneous scan samples were recorded into notebooks. Focal samples, behaviour 
samples and ad libitum observations were recorded on to a dictaphone to be 
transcribed later, which, although a very time consuming method, enabled the 
recording of very detailed information. Data collected during surveys were recorded 
on to checksheets. Data were entered into Microsoft Access, a relational database, 
and exported into Microsoft Excel and SPSS for analysis. Statistical analyses have 
been carried out and reported according to the conventions and nomenclature of Zar 
(1984).
Inter-observer Reliability
Since two observers were involved in the data collection for this study, it was 
important to make sure the data were collected in an identical manner by both. I was 
joined by P. Carter in May 1995 who assisted me for the majority of the main period 
of systematic data collection (May 1995 - September 1996) and I accompanied him in 
the field for the first four weeks to teach the relevant data collections techniques and 
to make sure agreement was reached on what constituted the various behaviour 
categories and positions. Distance estimation (between monkeys and between the 
observer and monkeys) was practised regularly to ensure accuracy, and consistency 
between observers. It was impossible to carry out specific tests to look at inter­
observer reliability during scan and focal samples; during scan samples we could not 
hope to sample the same animals at the same instant; during focal samples two 
observers would sometimes hinder one another in following the same focal animal 
through thick forest and would be able to hear each other as they recorded 
observations on dictaphones. However, I accompanied P. Carter regularly while he 
was collecting data and am satisfied that concordance is sufficient to permit the 
pooling of all relevant data.
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4. Data Collection Schedule
In January - February 1995 a period of four weeks was spent at Cape Vidal in order 
to conduct a pilot study to assess the feasibility of proposed research and to decide on 
research methods. Subsequently, three periods of data collection were undertaken at 
the study site; March 95 - March 96, April 96 - September 96 and December 96 - 
February 97, with two short visits in October and November 96. The first 5 months of 
fieldwork were spent working out the ranging patterns of the study troops, trail 
cutting, starting the trapping and tagging program as well as preliminary data 
collection. By September 1995 it was possible to keep in contact with study troops 
feirly continuously and a data collection schedule was decided upon. The maintenance 
of contact with study troops in addition to behavioural sanq)ling was an arduous 
affair, but it was desirable to collect data throughout the day, so as not to bias data 
because of differential activity at different times of day. Given that there were several 
other tasks to deal with concurrently with data collection, (e.g. data transcription; 
data input; trapping and tagging), it was decided that the optimal use of time and 
energy would be to spend half days on data collection (50% mornings and 50% 
afternoons), spending the rest of the day on other work. Data were collected on each 
of the three study troops for four to eight half days per month. These half days were 
worked in pairs, starting at midday on the first day working through until dusk when 
the monkeys settled down for the night, and returning at dawn to follow the troop 
until midday the next. This meant that the troop was watched continuously for a full 
day except when they were asleep at night. Data on extratroop males, and males 
intruding into troops were collected during the 1996 mating season. Four to eight half 
days per month were devoted to this. Surveys were carried out from November 95 
until September 96, up to four times per week. The first two months of 1997 were 
spent at Cape Vidal collecting blood samples from study troop monkeys, and during 
this time opportunistic behavioural observations were made.
A total of 1506 hours (including 83 surveys) were spent collecting data or searching 
for study subjects. 1124 hours were spent collecting systematic data on study troops 
(A troop: 474hrs, B troop: 385hrs, C troop: 265hrs) (Table 2.8). Additional time was
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Table 2.8. Data collection honrs:minutes per month for each study troop and for extratroop 
males
Month A troop B troop C troop
Extratroop
Males*
1995
May 9:39 23:04 11:40
June 6:39 9:43 12:21
July 39:14 10:35
August 17:49 22:10 27:07
Septemba: 25:38 29:54 21:34
October 22:16 18:57 22:49
NovembCT 22:21 32:32 24:30
December 31:40 20:57 26:37
1996
January 34:16 13:38
February 10:12 0:25 11:51
March 12:01
April 4:57 17:14 0:26
May 34:57 39:49 17:57 24:08
June 41:46 26:24 30:54 53:28
July 76:29 30:34 24:10 87:40
August 83:12 40:55 14:37 100:44
September 35:32 4:11 1:38 20:27
October 12:22 1:57 22:10
November 4:32 1:00 2:15
1997
February
Total 474:17 384:39
3:35
264:36
11:15
319:52
♦Additional data were collected on extratroop males opportunistically at other times.
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spent in contact with study troops in the first few months before rehable data could be 
collected, during observations of infiltrating males during the mating season, and 
during opportunistic contacts. Data were collected throughout the day as much as 
possible (Table 2.9) although contact was lost with troops from time to time, or they 
were difficult to locate initially, especially in the first few months. Lesser amounts of 
time were spent in contact with troops at the extremes of the day, since during the 
winter months it was dark at these times.
During systematic troop data collection, 2041 scan samples (mean no. individuals 
sampled = 8.26±SD3.13) and 1266 focal animal samples (total duration of samples = 
253 hours 22 minutes; mean duration 11 minutes 9 seconds) were obtained on troop 
animals.
A total of 320 hours were devoted to collecting data on extratroop males or males 
intruding into troops (Table 2.8), the majority of which took place during the 1996 
mating season. In addition, data were collected on extratroop males opportunistically 
when they were contacted at other times. 229 focal samples were obtained (total 
duration of samples =105 hours 9 minutes; mean duration = 27 minutes 33 seconds). 
A total of 124 opportunistic, instantaneous samples of extratroop male behaviour and 
associations were obtained.
5. Basic Ecology
In order to place the results of the following chapters into context in comparison with 
other populations of C.mitis and to allow comparison with other primate studies, 
measures of various ecological parameters are presented here for the subjects of this 
study.
Troop Ranging Patterns
Home range sizes were 10.75 ha for A troop, 9 ha for B troop, and 13 ha for C troop 
(Table 2.9), although it should be noted that C troop’s range included some marginal 
habitat consisting of exotic Casuarina woodland where food was scarce (Figure 2.9).
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Figure 2.9(a). Home range of A troop
;
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Figure 2.9(b). Home range of B troop
;
%
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Figure 2.9(c). Home range of C troop (in second year of study, C troop used cells beyond the range of this
map)
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Degree of range overlap: Troop A were observed to use only one cell which was 
never observed to be used by another troop (study or non-study troop) which 
represented 2.32% of the troop’s range. For B troop the figure was 5.56% (2 cells) 
and C troop 11.54% (6 cells). In addition, the degree of overlap between individual 
study troops was calculated. A troop overlapped with B troop in 15 cells (34.8% of A 
troop’s range, and 41.7% of B troop’s range). A troop overlapped with C troop in 28 
cells (65.1% of A troop’s range, and 53.8% of C troop’s range). B troop overlapped 
with C troop in three cells and these cells were also part of A troop’s range (7.0% of 
A troop’s range, 8.3% of B troop’s range, and 5.8% of C troop’s range).
Day journey length: the mean distance travelled by the centre of study troops each 
half hour between 6:00 and 18:00 during troop contacts was calculated and summed 
to give an approximate mean day journey length of 1183m per day.
Population Density
The combined home ranges of study troops A, B & C encompass 22 ha. The total 
number of individuals in the study troops at the end of observations in October 1996 
(at which time all troop members could be identified and accurate troop counts could 
be made) was 70 animals. This gives a density of 3.18 ha*^  for troop individuals, 
although it should be noted that this measure is an absolute minimum since other 
troops’ ranges will have overlapped into this area. There were, on average, an 
estimated 1.2 extra-troop males per troop in the area (Chapter 4). If this figure is 
added, the total number of individuals obtained is 3.34 ha"\
Interpopulation Comparison
Comparison of these population parameters with those from other C.mitis studies 
(Table 2.10) indicate that samango monkeys fi’om the present study five in groups of 
approximately average size relative to other populations and have a roughly average 
number of adult females. Population density, however, is by far the highest of any of 
these studies, as is the degree of home range overlap with neighbouring troops. Mean 
home range size has the lowest value compared with all other studies cited here.
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Table 2.10. Cercopithecus mitis inter-population comparison
Study site 
(Reference) Subspecies
Adult
Group Size Females per 
Group
Population 
Density (per 
Km2)
Home 
Range Size 
(ha)
Day
Journey
Length
(m)
Percentage
Range
Overlap
Cape Vidal, 
South Africa, 
(this study)
C. m  
erythrarchus 22-26* 7-11* 334 9-13* 1183*
88.46% - 
97.68%*
Cape Vidal, 
South Africa. 
(Lawes 1990; 
1991; pers. 
comm.)
C.nu
erythrarchus 30-35 9.5 202 15 1217 45.40%
Kakamega, 
Kenya. 
(Cords 1987a; 
pers. comm.)
C. m. 
stuhlmami 45 17 169 37.75 1136 14 - 56%*
Kibale
(KanyawaraX
Uganda.
(Butynski
1990)
Kibale
(Ngogo),
Uganda.
(Butynski
1990)
C. rtu 
stuhlmami
C. m. 
stuhlmami
19*
23
9.5*
12
56
7
36*
300-350
1216*
1406
5%*
1%
Kibale,
Uganda.
(Struhsaker
1978)
C. m. 
stuhlmami 24 10 42 61 --- ---
Kibale, 
Uganda. 
(Rudran 1978)
C. m  
stuhlmami 20.8* 8.2* --- 72.5 --- ---
Budongo,
Uganda.
(Fairgrieve
1996)
C. m. 
stuhlmami 10-12* 4* 44 12.81* 809* ---
Ngoye, South 
Africa. 
(Lawes et al. 
1990)
C. m. labiatus 16 --- 48 --- --- ---
♦Figures show range of values or mean values for several troops.
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Mating Behaviour, Mating Competition, and Mate Choice in 
Samango Monkeys
Introduction
Darwin (1871), in his theory of sexual selection, explained the evolution of traits 
that did not appear to contribute directly to an individual’s survival (for example, 
the antlers of a deer stag or a male baboon’s large canines). Darwin suggested 
that these traits were selected because they increased an individual’s reproductive 
success through either intra-sexual competition for mates or inter-sexual choice of 
mates. This usually involves males competing over females and females choosing 
male mates, although the opposite can also be true. Trivers (1972) has explained 
these patterns in terms of differential parental investment by males and females. In 
most species, females invest more in offspring than males do, beginning with the 
greater expense of producing eggs over sperm (Bateman 1948). In primates, as in 
all mammals, females have the expenses of gestation, lactation and infant care, and 
the reproductive output of a female primate will be limited primarily by nutritional 
constraints and will not be increased by having multiple mates. On the other hand, 
in most species a male’s reproductive success is primarily limited by the number of 
females he can inseminate. Females are therefore expected to discriminate among 
potential mates by choosing to mate with males who contribute most, either 
behaviourally or genetically, to the female’s reproductive success, while males are 
expected to compete with other males for sexual access to as many females as 
possible, (Trivers 1972). The potential payoff for male success is high, so 
selection for male ability to acquire mates is very strong.
Competition for mates can occur in two ways: (a) through direct competition 
among individuals of one sex (usually males) for access to mates, for example, by 
fighting; intra-sexually selected behaviour, or (b) by striving to attract members 
of the opposite sex as mates; inter-sexually selected behaviour. Primate species 
vary in the relative importance of these two selection pressures, and it is 
postulated here that this is affected by two factors:
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1. The level of control that females have over whom they mate with; There is little 
point for males in fighting among themselves over access to females, if the females 
can mate with whom they choose and if this choice is not positively influenced by 
the outcome of male-male aggression. This female control will be affected by the 
degree of sexual dimorphism in body size of the population. Since larger size 
gives an advantage in aggressive encounters (Trivers 1985), we can expect to find 
an association between male-male aggression (intra-sexually selected behaviour) 
and enlarged male size compared with females.
2. The ease with which a male can monopolise fertile females; this will be affected 
by the number of competing males and the number of simultaneously receptive 
females, i.e. the operational sex ratio. Where breeding occurs all year and only 
one or two females are synchronous in their receptivity, males will be selected to 
compete among themselves for dominance, and the dominant male will 
monopolise access to the receptive females. In populations where breeding occurs 
seasonally and several females are synchronously receptive, a single male will be 
unable to monopolise them all and there will be potential for female mate choice.
Differences in the relative importance of intra-sexually and inter-sexually selected 
competition can be seen in a comparison of baboons and macaques. Berenstain 
and Wade (1983) reviewed data on male mating strategies in the two genera, and 
reported a different mode of mating competition in each. In baboons, aggressive 
male-male competition over receptive females is more prevalent, while in the 
macaques, males direct proportionately more aggression to females. Berenstain 
and Wade (1983) suggest two possible reasons for this difference. Firstly 
macaques are less sexually dimorphic than baboons, so that macaque females 
appear to have more control over who they mate with than do baboon females, 
meaning that there may be less chance that a macaque female will mate with the 
winner of an aggressive contest between males. Secondly, unlike seasonally 
breeding macaques, baboons tend to breed all the year round so that few females 
are likely to be receptive simultaneously and this may lead to a higher level of 
escalated aggression among males for the few mates available. Conversely, in 
macaques where sexually receptive females tend to be more clumped in time.
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female mate choice is likely to play a more significant role than in baboons, as 
males will be less able to monopolise them (Manson 1995).
A similar situation to that of macaques may be found in brown capuchins, Cehus 
apella (Janson 1984). Here, the strong preference of females to mate with the 
dominant male of the group may explain the low rate of aggression between 
males, since even if subordinate males were able to mount an aggressive attack on 
the alpha male, it is unlikely they would have the chance to mate with fertile 
females. Like macaques, capuchins have a relatively low degree of sexual 
dimorphism. Similarly, in the muriqui, Brachyteles arachnoïdes, males are only 
slightly larger than females, and Strier (1992) has argued that this factor has led to 
the ability of female muriquis to choose their mating partners without risk of 
harassment fi"om other males. It appears then, that at least in some cases, the 
degree of sexual dimorphism in body size, and the degree of breeding seasonality 
may be able to predict the relative importance of intra- and intersexual selection in 
primate species.
In unimale-group living primate species, we might expect intra-sexually selected 
competition to be relatively important compared with multimale group living 
species. As the resident male in a unimale group has significantly greater access to 
females than non-residents, it is likely that there will be a high degree of male- 
male competition for residency in bisexual groups. Additionally, the potential for 
intersexual selection (e.g. female choice) is likely to be low compared with 
multimale group-living species, since there is only one adult male per group. In 
some predominantly unimale-group species such as gelada, Theropithecus gelada, 
and hamadryas baboons, Papio hamadryas, females apparently do not mate with 
extratroop males (Kummer 1968; Dunbar 1978) so potential for female choice is 
indeed likely to be low, although in gelada, females can influence the resident male 
membership of their groups by choosing (or not choosing) to groom with an 
outside male. When a large enough proportion of the group females desert their 
harem male for a new one, the former is forced to give up his tenure (Dunbar 
1984; 1988). However, in the Afiican guenons, several studies have shown that 
in some years and some populations, unimale troops experience influxes of adult
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males during the mating season, e.g. Cercopithecus ascanius (Cords 1984); 
Cercopithecus mitis (Tsingalia & Rowell 1984, Cords et al. 1986, Henzi & Lawes 
1987, this study Chapter 5); Erythrocebus patas (Chism & Rowell 1986, Harding 
& Olson 1986). During these influxes there is potential for female mate choice. 
Even where these influxes do not occur females may have the option of 
temporarily leaving their troop to consort with an outside male. Resident males 
can exercise little influence over this female behaviour. We cannot assume 
therefore that inter-sexually selected behaviour will be unimportant in unimale- 
group living guenons.
Although mate competition is most clearly seen in direct intrasexual aggression, 
individuals may compete in other ways. Copulation patterns themselves may be 
influenced by the type of competition present. Primate species differ in the number 
of mounts per copulation before ejaculation, some having a single mount and 
others showing a serial mounting pattern (Hrdy & Whitten 1987). Shively et al. 
(1982) noted an association between serial mounting and high levels of male-male 
competition in Macaca species and they suggest that the serial mounting pattern 
may serve to reproductively isolate an oestrus female for an extended period of 
time, ensuring insemination. Manson (1996) also suggested that one possible 
function of long mount series is to allow males to prevent their mates from 
copulating with other males. He found that in rhesus macaques, Macaca mulatta, 
on Cayo Santiago, sexually receptive females were less likely to approach other 
males when engaged in a mount series with a consort partner. Caldecott (1986), 
also examining macaque behaviour, considered serial mounting as the males’ 
behavioural response to the competitive “socio-context”, sustaining his potency to 
deny other males access “by deferring ejaculation and ejaculatory fatigue”. The 
consensus is that serial mounting fonctions to influence female behaviour and we 
should therefore expect to see this behaviour in species where inter-sexual 
selection is important. In guenons there is no clear agreement on classification of 
mount type for some species. For example, Dewsbury & Pierce (1989) in their 
review of primate copulation patterns, classified Cercopithecus mitis and 
Erythrocebus patas as both multiple mounters and single mounters, depending on 
the source of reference.
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Grooming may represent another behaviour during consorts that males use to 
increase the receptivity and cooperation of sexually receptive females (Andelman 
1986). Saayman (1970) suggests that in serially mounting species, males groom 
females during consorts primarily to stay close to consort partners. In species 
which do not form consortships, such as patas, hamadryas and geladas, male 
grooming of females is virtually absent (Andelmann 1986). Given that male 
grooming of females is likely to be selected in order to influence female 
behaviour, we should expect to see such behaviour in species where inter-sexual 
selection is important.
Although male-male competition and female mate choice are generally believed to 
be the primary components of sexual selection, the complementary processes of 
male mate choice and female-female competition for mates can also be important 
in primates. Male mate choice is predicted to be important where the costs of 
mating and securing access to mates are high, so that a male should maximise 
benefits gained by mating with females most likely to conceive and to produce 
surviving offspring (Halliday 1983; Berenstain & Wade 1983). Evidence for male 
mate choice is found where males prefer to mate with some females rather than 
others. In many primate species, males concentrate their matings on females who 
are near the peak of receptivity at around the time of ovulation (reviewed in 
Smuts 1987a). Males of many species also show a mating preference for dominant 
females who are likely to have greater access to resources and higher chances of 
conception. Males often show less interest in adolescent, nuUiparous females who 
have yet to prove their fertility, compared with older, parous females (reviewed in 
Smuts 1987a).
Female-female competition occurs where males represent a valuable resource in 
terms of offspring rearing, and this is apparent in the callitrichids, where males 
carry out a large proportion of infant care (Whitten 1987). Potential for female- 
female mate competition also exists where mating access to a male is limited, for 
example, in multi-female groups containing a single adult male. If females become 
sexually receptive simultaneously it may be difficult for subordinate females to
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gain access to the male. For example, in gelada baboons, as the number of females 
in a group rises, the conception rate per female decreases, particularly in 
subordinate females who have difficulty in securing access to the male (Dunbar 
1984). Sommer (1989) observed a high level of mating harassment by adult 
females in Hanuman langurs, Presbytis entellus, living in unimale troops. He 
suggested the reason for this harassment was competition among the females over 
sperm. Sommer went further to suggest that females may indulge in 
postconception mating to deplete sperm supplies for female troop mates and 
thereby reduce future resource competition for themselves and their offspring. In 
multimale, group-living species, females may compete for preferred males and 
harassment by females of others’ sexual interactions with males can occur. There 
is evidence for female mate competition in both baboons and macaques 
(Berenstain & Wade 1983). For example, in rhesus macaques, females are 
aggressive towards other females who are consorting with males, sometimes then 
consorting with the male themselves (Lindburg 1971). Subordinate brown 
capuchin females avoid sexual interactions with the dominant male if dominant 
females are present (Janson, 1984).
Sexual selection then, comprises four facets; male-male mate competition, female 
mate choice, female-female mate competition, and male mate choice. The relative 
importance of these in the mating systems of different primate qjecies and 
populations varies considerably. This chapter examines the mate competition and 
mate choice in an arboreal, unimale guenon species; the samango monkey. 
Previous studies cited here suggest that the mode of sexual selection can be 
predicted for a primate population to a certain extent by looking at the degree of 
sexual dimorphism in body size, and by examining the seasonality of breeding and 
the synchrony of receptivity among females in groups. Consequently, the results 
of this chapter will be split into two parts: firstly, these two parameters will be 
determined for samango monkeys at Cape Vidal, South Afnca, and a series of 
predictions about their mating behaviour and mode of mating competition will be 
generated. The second section deals with testing these predictions, examining the 
observed behaviour in three troops of samangos over two years in terms of the 
patterns of aggression and affiliation among and between the sexes, and
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behaviours associated with copulation to determine how intra- and inter-sexual 
behaviour compares with that predicted on the basis of sexual dimorphism and 
breeding seasonality
3.1 Sexual Dimorphism and Breeding Seasoaalitv in Samango Monkeys
3.L Methods
Three habituated troops (A, B and C) of samango monkeys were observed at 
Cape Vidal (28°05’35”S, 32°33’40”E) between January 1995 and February 1997. 
For a foil description of the study site and observation methods see Chapter 2.
Measuring sexual dimorphism in body size
In order to measure and compare the mass of adult male and adult female 
samango monkeys, such individuals were captured in fruit-bmted traps, 
anaesthetized and weighed. A foil description of procedures used is given in 
Chapter 2. Thirteen adult males and 25 adult females were weighed.
Measuring the degree o f breeding seasonality
Dates of all observed matings and other sexual behaviour were recorded. The 
presence or absence of new infants was recorded during every study troop follow, 
to maximise the accuracy of birth date estimation. The annual spread of mating 
behaviour and births were used to determine the degree of breeding seasonality in 
samango monkeys.
3.1, Results
Degree o f Sexual Dimorphism
Mean weight for samango adult males at Cape Vidal is 6.53kg, SD = 0.62, n = 13; 
adult females 3.43kg, SD = 0.37, n = 25 (Table 3.1). Data in Table 3.1 (other than 
those given for Cercopithecus mitis erythrachus\ this study) are taken from Smith 
& Jungers (1997). Data have been selected for a variety of cercopithecine
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Table 3.1. Body mass measures and degree of sexual dimorphism in body mass few a variety of 
primate species. Measures for Cercopithecus mitis erythrarchus from this study are given 
(shaded area). All other data are taken from Smith & Jungers (1997). See text for explanation of 
criteria for inclusion of these species. Values are shown in order of decreasing sexual 
dimorphism in body size. A value of 1.0 for sexual dimorphism would indicate that males and 
females are of equal size, while a value of 2.0 indicates that females are half the mass of males
Sample Size Body Mass (kg) Sexual Dimorphism
Spedes Males Females Males Females Mmass/Fmass
Erythrocebus patas 14 12.4
Papio anubis 100 116 25.1 13.3 1.89
Cercopithecus mitis 33 34 7.93 4J25 1.87
Macaca sinica 23 55 5.68 3.20 1.78
Papio cynocephalus 37 21 21.8 12.3 1.77
Macaca rachata 13 14 6.67 3.85 1.73
Cercopithecus Ihoesti 19 50 5.97 3.45 1.73
Macaca nemestrina 8 10 \ \2 6.5 1.72
Papio hamadryas 41 39 16.9 9.9 1.71
Cercopithecus nic titans 33 30 6.67 426 1.57
Macaca fascicularis 69 46 5.36 3.59 1.49
Cercopithecus cephus 15 10 4.29 2.88 1.49
Cercopithecus mitis stuhlmanni 41 94 5.85 3.93 1.49
Macaca silensis 11 11 8.9 6.1 1.46
Cebus apella 51 38 3.65 2.52 1.45
Macaca thibetana 12 17 18.3 12.8 1.43
Cercopithecus aethiops 60 90 4.26 2.98 1.43
Macaca Juscata 10 23 11.0 8.03 1.37
Cercopthecus wolfi 17 120 3.91 2.87 1.36
Cercopithecus ascanius 69 242 3.70 2.92 1.27
Macaca mulatta 59 28 11.00 8.80 1.25
Brachyteles arachnoïdes 4 3 9.61 8.07 1.19
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primates including all Cercopithecus spp. with a sample size of greater than 10 for 
both males and females. Measures from other species which have been discussed 
above are also shown. Samango monkeys show a relatively high degree of sexual 
dimorphism in body mass, ranked second equal with savanna baboons, Pcq>io 
anubis, among the species shown, and exceeded only by the patas monkey, 
Erythrocebus patas (Table 3.1). Data from two other populations of C.mitis of 
different subspecies show less sexual dimorphism in body mass than the 
C.m.erythrarchus of the present study.
Breeding Seasonality and Degree o f Synchrony o f Receptivity 
Matings involving adult samango monkeys were observed between May and 
November in 1995 and between May and October 1996 in the study troops during 
systematic data collection (Figure 3.1) and one mating was observed 
opportunistically in a study troop in November 1996. Relatively few hours were 
spent in contact with study troops during the months when matings were not 
observed (see Chapter 2 for contact durations). However, from December 1995 
through April 1996, no sexual behaviour at all was observed in the study troops,
i.e. not even sexual solicitation, which, at other times occurs at a higher rate than 
copulations themselves. Hence, December to April is considered to be the non- 
mating season.
Mating clearly occurs seasonally but occurs over more than half the year. 
Although in both observation years peaks in mating were observed, these were 
not the same months each year. However, if Butynski’s (1988) definition of the 
mating season is used; “a distinct period of the year to which fertile copulations 
are confined” (p286), then a more discrete distribution is apparent. The majority 
of births occurred between November and February. Conceptions (other than 
those that might have resulted in abortions) showed a clear peak from July to 
October in both years (Figure 3.2) if conception dates are calculated by counting 
back from birth dates using a gestation length of 140 days (Rowell 1970). Only 
one out of 26 known conceptions in the three study troops in two years occurred 
outside this period.
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Figure 3.1. Mean mating bouts per hour per month observed in three study troops
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Figure 3.2. Distribution o f conception dates in three stuffy troops over two years, calculated by 
counting back 140 days (C.mitis gestation period, Rowell 1970) from dates o f birth of offspring
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For each troop the mean number of proceptive females per day of observation 
were calculated (Figures 3.3a - 3.3c). Each troop shows peaks in the number of 
receptive females at times during the mating seasons although these are not 
synchronised between troops. These data indicate that the degree of breeding 
seasonality in samango monkeys is comparable to that of other Cercopithecus 
mitis subspecies (see Cords 1987b). Compared with other primate genera, C.mitis 
has a level of seasonality that may be classified as “moderate to weak” (Table 3.2, 
taken from Chism, in press), although the degree of seasonality is higher if based 
on conceptions rather than sexual behaviour.
Predictions fo r Inter- and Intrasexual Behaviour in Samango Monkeys:
Previous studies predict that a high level of male-male competition for mates 
(intrasexual selection) should correlate positively with the level of sexual 
dimorphism in body size in primates, and negatively with the degree of breeding 
seasonality/synchrony. Samango monkeys are clearly highly sexually dimorphic 
and do not have a short, discreet breeding season, so that we should expect to see 
a predominance of intra-sexually selected behaviour over inter-sexually selected 
behaviour, i.e. conq)etition among males for access to females should be more 
apparent than males behaving in a way to influence female mate choice.
(a) Intra-sexual aggression vs. inter-sexual aggression: We should expect 
proportionately more male-male aggression than male-female aggression since 
samango monkeys are highly sexually dimorphic in body size, and breeding 
seasonality is classed as moderate to weak.
(b) Inter-sexual qffiliative behaviour: We should not expect to see males 
behaving afifiliatively, e.g. grooming, with adult females or their infants since 
they are expected to spend their energy on competing with other males rather 
than trying to influence female behaviour.
(c) Mating behaviour: Females should have little influence over mating success of 
individual males and there should be little evidence of female mate choice, as 
males themselves are expected to determine their mating access to females 
through intra-sexual competition.
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Figures 3.3a ~3.3c. Mean numbers ofproceptive females per day for each month 
over two years in three study troops
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Table 3.2. Seasonality of breeding in selected primate species (taken from Chism, in press)
Species Seasonality of Breeding
Cercqjithecus mitis moderate to weak
Cercopithecus ascanius moderate to weak
Cercopithecus aethiops strong
Erythrocebus patas strong
Macaca hiscata strong
Macaca mulatta strong to moderate
Macaca 6scicularlis moderate to weak
Macaca radiata moderate
Papio anubis weak
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(d) Mounting pattern: Mountings should be of the single mount pattern, since the 
serial mounting pattern is expected where males are trying to influence female 
behaviour.
(e) Male mate choice: Potential for this exists in samango monkeys since there are 
times when more than one female in a troop is sexually receptive (Figures 3.3a 
- 3.3c) and so there may be a choice of mating partners for males.
(f) Female-female mate competition: Again, potential for this exists in samangos 
given that troops normally contain only one adult male and sometimes several 
receptive females. Females may have to compete for sexual access to the male 
if the sperm supply is depleted when the male mates with more than one 
female. Postconception receptivity may occur as a way of depleting sperm 
supplies for other troop females.
These predictions will be tested by asking the following questions:
(a) Which type of aggression is most prevalent; male-male, male-female or female- 
female?
(b) Do males behave afiBliatively towards females?
(c) Is there evidence of female choice in mating, or does mating access to females 
depend mainly on direct male-male competition?
(d) Does the mount pattern in the matings of samangos suggest that males are 
attempting to influence female mate choice?
(e) Is there evidence for male mate choice?
(f) Is there evidence for female mate competition?
3.2 Mating Competition, Mating Behaviour and Mate Choice in Samango
Monkeys: Testing the Predictions
3.2. Methods
Measurement o f agonistic behaviour
Agonistic behaviour in adult males and adult females was examined in two ways;
through observations of agonistic interactions and through observation of wounds
on individual animals. All observed instances of agonistic contact among adult
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individuals were recorded on an oaf libitum basis, since fights occurred too rarely 
to be reliably recorded during systematic scan or focal sampling. A dictaphone 
was used to record descriptions of events and the identity of the individuals 
involved. Observations of new wounds (that is, raw wounds that had not been 
seen previously by the observer) were recorded for all adult animals (whether or 
not they came fi’om study troops), again on an W  libitum basis, and the numbers 
of these were compared for adult males and adult females. For the purposes of 
statistical analysis, the numbers of wounds occurring on study troop animals only 
were counted. This meant that a known number of adult males and females could 
be compared in their rate of acquisition of new wounds, and these values were 
compared between males and females using the test. For a six month period, 
one of the troops contained two to three resident males; here only the male 
considered to be the dominant resident was counted so that a constant number of 
males could be compared with females in wound acquisition rate.
Afftliative behaviour
The number of instantaneous records fi'om scan samples involving grooming 
between two adult partners of different sexes was calculated and the difference in 
propensity for males to groom females versus females grooming males was tested 
using
Mating behaviour
Each instance where an adult or subadult male was observed to mount an adult or 
subadult female was recorded, whether the mount was observed opportunistically 
or during a systematic focal sample of one of the animals concerned. Mounts did 
not always result in intromission, and mounts with intromission did not always 
result in ejaculation. In a large proportion of cases (see results) two or more 
mounts were performed before ejaculation was achieved, and in many cases 
ejaculation was not achieved at all. A single mounting, whether or not it involved 
intromission or ejaculation is termed a “mount”, while a series of such mounts, 
where no more than 15 minutes passes between mounts, and neither partner was 
involved in mounts with a third party, is termed a mating “bout”. A “mount” was
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deemed successfiil in terms of insemination if either semen was visible afterwards 
or a post copulatory hold (see below) was observed.
Because of poor visibility conditions, mating bouts could not always be observed 
completely, either temporally, or in terms of being able to observe every 
behavioural event and individual associated with the mating. As far as is known, 
only complete bouts have been used for analysis. As far as possible, for each 
mating bout, the following were recorded:
Mating Bouts
1. Date
2. Start time
3. Male identity
4. Female identity
5. Number of mounts
6. Whether successfiil or not
7. Whether harassed or not (harassment is where non mating individuals moved 
up and aggressively vocalized at the mating pair or attacked either member of 
the mating pair).
For each mount within a mating bout the following were recorded (definitions of 
behaviours are provided in Chapter 2 (Table 2.6), and descriptions given in the 
results section of this chapter):
Mounts
1. Time
2. Which of the pair approached the other before the mount?
3. Did the female sexually present?
4. Distance from male of female presenting
5. Number of thrusts
6. Position (in relation to the vegetation and ground - see Chapter 2 for 
definitions).
7. Presence or absence of aggressive vocalizations from third parties in response 
to the mating; and the identity of these individuals
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8. Presence or absence of attacks from third parties on the mating pair; and the 
identity of these individuals
9. Who terminated the mount? The male, the female, or a harassing third party?
10. Presence or absence of a “post copulatory hold” (PCH).
11. Who left afterwards (did the male “leave” the female or vice versa)?
12. Was semen visible?
13. Presence or absence of “pouting” behaviour by male or female
14. Presence or absence of “head flagging” behaviour by male or female
15. Presence or absence of grooming between the mating partners after the mount
16. Presence or absence of “post copulatory follow” and who followed whom?
Definitions o f female propensity to copulate
During the peri-ovulatory period, female mammals are generally willing to 
copulate and are said to be in “oestrus”. However, since the timing of receptivity 
in primates is not necessarily controlled by fertility, it has been suggested that the 
oestrus concept is not applicable to primate females (Loy 1987; Wolfe 1991; 
Dixson 1998). Beach (1976) has suggested appropriate terminology that 
distinguishes three separate components of female primate sexuality: (a) 
“proceptivity” is the tendency of females to seek matings and behave in a way that 
sexually solicits males; (b) “receptivity” reflects the willingness of females to 
cooperate with male-initiated matings, and (c) “attractivity” is the extent to which 
males are attracted to females, generally a result of hormonal influence rather than 
female proceptive behaviours. These concepts are implied where these terms are 
used throughout this thesis.
Measurement ofpotentialfor female choice
In order to determine whether males or females tended to initiate copulatory 
behaviour two indices of initiation were calculated for all observed mounting 
attempts; these were (1) the number of cases where the female involved was seen 
to sexually present to the male (female initiation), and the number of cases where 
she was not seen to present (male initiation), and (2) the number of cases when 
the female approached the male prior to the mount (female initiation), and the 
number of cases when the male was the one to approach (male initiation). The
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numbers of each of these that were deemed successfiil were then calculated and 
were compared for male initiation and female initiation using a test. These two 
initiating behaviours were analysed independently since only in some cases of 
mounting was it possible to ascertain which party approached and/or whether or 
not the female presented.
Measurement o f responsibility fo r proximity with the opposite sex
Indices of responsibility for proximity (RI) were calculated for adult males and
receptive adult females using the number of “approaches” and “leaves” (see
Chapter 2 for definitions) fi*om the focal samples of each troop male during the
1996 mating season. Individual RIs were calculated as follows (Martin & Bateson
1986):
For individuals a and b, a’s responsibility for proximity 
= Ua/([/a + Ub) - 5a/(5a +Sb)
Where C/a = the number of occasions when the pair were united by a’s 
movements; Uh = the number of occasions when the pair were united by 
b’s movements; 5a = the number of occasions when the pair were 
separated by a’s movements; and 5b = the number of occasions when the 
pair were separated by b’s movements.
RIs were calculated for individual pairs of adult males and females taking data 
only fi-om days when the female had demonstrated sexual receptivity, in order to 
examine male and female potential for mate choice. For the purposes of analysis, 
females were scored as being receptive on days when they were observed mating 
with an adult male, constantly following and grooming an adult male for extended 
periods, or presenting to, pouting at or headflagging an adult male within a metre 
of him (if these behaviours occurred at beyond Im of the male it was felt they 
could have had an appeasement function).
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Measurement o f mating competition
The numbers of harassed and unharassed mounts which were deemed successful 
and unsuccessful were calculated and the results compared using to test for a 
difference in success between harassed and unharassed mounts (harassment is 
defined as involving aggressive vocalizations and/or physical attack by third 
parties). For each observed moimt, the identity of individuals harassing the mating 
pair were recorded. The numbers of mounts harassed by each age/sex class were 
calculated, along with the numbers of each that were deemed to be successful 
mounts.
Mounting pattern
The numbers of mounts per mating bout were recorded, and harassed and 
unharassed bouts were compared using to test for a difference in number of 
mounts per bout. Bouts including five or more mounts were pooled for this 
analysis.
3.2, Results
Background Information fo r Study Troops in 1995 and 1996 
The following description of events in the study troops is intended to place the 
following results in context. There is little quantification of behaviour here and 
such information is provided either later in this results section, or in other parts of 
the thesis.
In 1995 study troops A and C each had a single resident adult male, AMB and 
AMS respectively (Figure 3.4). B troop experienced a male replacement in May 
1995, where the original resident male, AM2, disappeared and a new male, 
AMSH, took over. In the 1995 mating season (May - November), very few 
matings took place in troops A and C, while in B troop, AMSH had a relatively 
high rate of mating (see Chapter 4). The 1995 mating season was characterised by 
very low numbers of extratroop males within the study troop home ranges as 
compared with the 1996 mating season (see Chapter 5).
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In April 1996, AMSH was shot and killed, and a new male, AMN, took up 
residence in B troop. In C troop, AMS remained as resident male until the end of 
all observations in July 1997. In the 1996 mating season A troop experienced a 
small influx of adult males, where two new males, AMD and AMF, took up full 
time residence in the troop, in addition to the original resident male, AMB. AMD 
and AMF had a relatively high rate of mating in A troop (see Chapter 4), while 
AMB had an extremely low rate of mating. During the mating season AMD and 
AMF tended to travel in small, separate subgroups which included one or two 
sexually receptive females, while AMB, when he was seen to accompany any 
females at all, these were always non-receptive females. Frequent fighting was 
observed among males associating with A troop in 1996 and AMB sustained 
severe wounds. He disappeared fi'om the troop and was not seen again fi*om 
December 1996 onwards. AMF also left the troop soon afterwards, by January 
1997, leaving AMD as the sole resident male in A troop (Figure 3.4).
Patterns o f Aggression and Affiliation
(i) Aggressive behaviour among and between the sexes:
Fighting involving contact was observed between males, between males and 
females, and between females.
Male-male aggression:
Of 33 opportunistically observed instances of contact fights between adult males, 
all occurred in 1996 between 2/6/96 and 4/10/96. During this period many adult 
females in the study troops were sexually receptive (Figures 3.3a - 3.3c), and at 
least six (18.2%) of the fights occurred in close proximity to a receptive female. 
No such fights were observed in 1995 possibly because far fewer extratroop males 
entered the study troops in this year (see Chapter 5). Fights among males 
occurred primarily between resident troop males and extratroop males (see 
Chapter 5 for definitions) (20 contact fights) or among the three males who were 
in residence in A troop during the 1996 mating season (AMB, AMD and AMF), 
(11 observed contact fights). Only one contact fight was observed between two
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resident troop males from different troops and only one fight was observed 
between two extratroop males. Twenty seven of the 33 observed fights involved a 
characteristic high-pitched, nasal “yowling” vocalization, heard only from adult 
males, and made by the subordinate of the two. Fights between adult males tended 
to be protracted and at least 21 of the 33 observed involved multiple aggressive 
contacts. In contrast, contact aggression between males and females, and among 
females themselves were brief, involving a single contact such as a grab, push or a 
bite.
On four opportunistically observed occasions, adult females were seen to ally with 
one male against another. For example, on one occasion in the 1996 mating 
season, two of the males resident in A troop, AMD and AMF were headbobbing 
at each other (an aggressive signal, see Chapter 2 for definition). AFM was next 
to AMD, and she aggressively vocalized at AMF. At this, AMD chased AMF, and 
AMF retreated. Another case involved AFV and AMD simultaneously chasing 
AMGU (an extratroop male) away from the troop. On another occasion, AMD 
and AMA (an extratroop male) were headbobbing at one another, and AFM (with 
AMD behind her) chased AMA away. The fourth example occurred when AFL 
(who was sexually receptive at the time) was grooming AMD soon after he had 
taken up residence in A troop. AMB (the original resident) moved up to the pair 
and headbobbed repeatedly and stared at AMD. AMD headbobbed back and then 
AFL also headbobbed at AMB. At this, AMB retreated and left.
Male-female aggression;
Aggression with contact between males and females occurred in several different 
contexts. Of the 10 observed instances, two involved males attacking females of 
other troops during agonistic intertroop encounters, one involved a female 
attacking a male to protect a juvenile, two were associated with infanticidal males 
apparently trying to attack infants, one was associated with food competition over 
flying termites, one appeared to be a male deterring a female who was sexually 
sohciting him, and three were for unknown reasons. None of these aggressive 
episodes were associated with males attempting to coerce females into mating.
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Female-female aggression:
Of the five observed instances of intratroop contact aggression between females, 
all involved only single, minor contacts and did not result in injury. Intertroop 
aggression between females occurred but is not considered here since this is likely 
to involve conflict over territory or feeding patches rather than mate competition.
Rate of wounding in males and females:
Males showed a considerably higher number of new wounds, and usually more 
serious wounds than adult females (Figure 3.5). When comparing males and 
females in study troops only, a significantly greater number of new wounds were 
observed on study troop males (18 wounds; n = 3 adult males) than on study 
troop females (6 wounds; n = 28 adult and sub-adult females), = 117.32, df = 
\ ,P <  0.01. Due to low expected values, the ‘P ’ value was determined empirically 
using a Monte Carlo (Manley 1991) simulation program written by P. Shaw, 
Roehampton Institute.
Measures of aggressive behaviour then, indicate that males are involved in more 
aggressive incidents than females, and that aggression between males is more 
fi-equent and severe than that between males and females or between females 
within troops. Serious fighting involving contact was much more Ukely to involve 
adult males than adult females. Of 48 instances of opportunistically observed 
contact fighting during the study period, 33 involved male-male aggression; 5 
involved female-female aggression and 10 involved aggression between males and 
females. Numbers of new wounds observed on individuals of each age/sex class 
again indicates a much higher level of aggression in males, with males having a far 
higher rate of wounding.
(ii) AfiBliation with the opposite sex:
The number of instantaneous records fi-om scan samples involving grooming 
between two adult partners of the opposite sex shows that males groomed females 
three times and females groomed males 82 times. It is very clear that adult females
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Figure 3.5. Number of new wounds observed on adult males and adtdt females over study 
period (study troop and non-study troop animals)
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groomed adult males far more than vice versa, demonstrating that it was the 
females rather than the males who were responsible for performing what was the 
principal inter-sexual affiliative behaviour. Females groomed males significantly 
more than vice versa; %^=75.3, df = 1, P<0.001.
Mating Behaviour
(i) Description of behaviours associated with copulation:
Copulation postures observed in samangos are similar to those reported for other 
cercopithecines, where the male mounts the female fi’om behind placing his feet on 
her calves so that she takes his weight (Figure 3.6). The male grasps the female’s 
hips and intromission takes place followed by thrusting. Copulations sometimes 
end with a “post-copulatory hold” (PCH) where the male maintains intromission 
without thrusting for a few seconds as the female sometimes slowly walks along 
with the male still mounted. A PCH was recorded in 38 out of 433 observed 
mounts (but could have happened more).
Copulations were defined as being solicited by the female when they involved the 
female approaching the male, usually while pursing her lips into a pout and 
sometimes headflagging (moving her head in an abrupt sideways motion). Of the 
433 observed mountings, females pouted before at least 72 (16.6%), and 
headflagged before at least 15 (3.5%) of them, (“at least” meaning that these 
behaviours were recorded this number of times but might have gone undetected 
on other occasions) (Table 3.3). The female would then turn to face away fi'om 
the male with tail raised in a sexual present posture, which the male sometimes 
responded to by mounting. The female often pouted throughout the copulation 
and would look back towards the male.
Males also attempted to solicit females by head flagging (observed before 15 
(3.5% of) mounts, Table 3.3) and males had another variation of this behaviour, 
“head upping”, which as the name suggests, involves an up and back abrupt 
motion of the head, reminiscent of a similar “come hither” gesture in humans. This
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Figure 3.6. Typical sam ango copulatory posture
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Table 3.3. Behaviours associated with copulation. The total number of observed mounts 
involving an adult male was 433. ’Numbers of observed instances of various behaviours are 
given here but these must be regarded as minimum values as observation cmditions where 
mounts took place were often very poor and many behaviours happening before and after the 
mount may have gone undetected. Numbers of instances of the behaviour involving females (F) 
and males (M) are given. Definitions of behaviours and terms are given in text
Behaviour No. Observed Instances*
Post Copulatory Hold 38
Who left after? 187 F left = 88 M left = 99
Pouting 72 F = 72 M = G
Headflagging 30 F = 15 M=15
Post CopuIatOTy AfiBliation 57 F groomed M = 32 M groomed F = 4
Proximity = 23
Post Copulatcxy Follow # F followed M = 26 M fWlowed F = 16
Table 3.4. (a) Number of successful and unsuccessful mounts where the female sexually presents 
to the male or not. (b) Number of successful and unsuccessful mounts where the approach before 
the mounting was made by the male or by the female
successful unsuccessful
present recorded 51 143
present not recorded 27 115
approach by female 37 92
approach by male 9 48
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behaviour was used by males when they were not very close to the female it 
appeared to be directed at, i.e. up to 30m away.
Olfactory behaviour appeared to be important. Males often inspected or sniffed 
the genitals of females who presented to them and only sometimes was this 
followed by a mount: of 26 instances of adult males genital sniffing adult females 
recorded during focal samples, only five resulted in the male mounting the female. 
Females also sniffed male’s genitals. Post copulatory behaviour included affiliative 
behaviour such as grooming or staying in proximity (Table 3.3) and/or post 
copulatory follows where one partner would follow the other to a new location 
(Table 3.3). Females groomed males after mounting significantly more than males 
groomed females -  21.78, df = 1, P<0.001) and females were observed to 
follow males post-mounting more often than vice versa, but the difference is not 
significant (%^  = 2.38, df = 1, 0.25<F<0.1) (Table 3.3).
(ii) Initiation of mating and responsibility for proximity:
For neither index of initiation of mounting (see methods) is there a significant 
difference in the success of male and female initiated mounts. Males were not 
more likely to successfully copulate with females following a female present than 
when the female did not present; = 2.43, df = 1, 0.25>P>0.1 (Table 3.4a). 
Similarly, whether the initial approach was made by the male or female made no 
significant difference to the success of the mount; = 3.54, df = 1, 0.1>P>0.05 
(Table 3.4b). However, both indices of initiation tend towards female initiation 
giving rise to greater likelihood of success (Tables 3.4a&b; Figure 3.7). It was 
apparent that mating could not take place without the co-operation of the female, 
since if females chose to they were able to move out from underneath the male 
during a mount and the mount would terminate. O f433 mounts observed between 
adult males and adult or sub-adult females, 63 were terminated by the female 
withdrawing, and this is a minimum number of instances. No “forced” matings 
were observed, where females were mated while clearly trying to withdraw from 
the male.
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On days when adult females were observed to be sexually receptive, adult females 
tended to be more responsible for maintaining proximity (within Im) with adult 
males than vice versa (Table 3.5). All but one of the males have negative mean 
RIs with respect to adult females (Table 3.6) meaning that they are approached by 
females and leave females more than vice versa. The one exception to this was 
AMB, who has a positive mean RI AMB was the resident troop male from the 
beginning of the study until the 1996 mating season in A troop who was 
eventually ousted. AMB had the lowest mating success of any of the males in 
Table 3.6 (see Tables 4.2 and 4.3).
(iii) Harassment of mating
Of 433 mounts involving adult males and adult or subadult females, 300 were 
harassed. Harassed mounts were significantly less likely to be successful than 
unharassed mounts: = 26.63, df = 1, P<0.001, (Figure 3.8). Of harassed
mounts, 11.7% were defined as successfiil, while 38.0% of unharassed mounts 
were successful.
Juveniles (in all cases where the sex of these was identified they were juvenile 
males; n = 275) were the most likely class to harass matings (Table 3.7; Figure 
3.9). (this has not been tested statistically since it would be difficult to calculate a 
reliable value since the exact number of potential juvenile harassers is not 
known). For a description of mating harassment by juvenile males see Chapter 7.
Adults of either sex rarely interfered in matings (6.7% of observed mating 
harassments) and even when such harassment occurred, no physical contact was 
made with the mating pair. The harassment of matings by adults was qualitatively 
different from juvenile harassment. The only harassment observed by adult males 
involved harassment of AMD’s matings, by either AMB or AMF. In the latter part 
of the 1996 mating season, AMB and AMF spent a large proportion of the time 
following AMD when he was with a female consort (usually AFV). AMD by this 
stage was the dominant male in the troop, but there was still clearly a great deal of 
tension and competition among these three males. Adult males would harass
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Table 3.5. Adult male indices of responsibility for proximity with respect to adult females on 
days when those females were observed to be sexually receptive
Adult Male Adult Female Index of ResponsMity for Proximity
ATROOP
AMB AFC -0.67
AMB AFD 0.29
AMB AFH
AMB AFL
AMB AFM
AMB AFV 0.70
AMB AFX 0.33
AMB AFY 0.00
AMD AFC -0.17
AMD AFD -0.16
AMD AFH -0.29
AMD AFL -0.25
AMD AFM -0.28
AMD AFV 0.13
AMD AFX -0.28
AMD AFY -0.28
AMF AFC
AMF AFD -0.42
AMF AFH -0.05
AMF AFL
AMF AFM -1.00
AMF AFV 0.42
AMF AFX 0.00
AMF AFY 0.33
BTROOP
AMN AFF -0.33
AMN AFG -0.18
AMN API
AMN AFK -0.26
AMN AFP -0.36
AMN AFR -0.45
AMN SAFM -0.35
AMN SAFT -0.30
AMSH AFB 0.00
AMSH AFF -0.26
AMSH AFG -0.16
AMSH AFI 0.00
AMSH AFK -0.30
AMSH AFR -0.50
AMSH SAFM -0.32
CTROOP
AMS AFA
AMS AFE -1.00
AMS AFJ -0.50
AMS AFKY -0.20
AMS AFN -1.00
AMS AFT 0.00
AMS AFW -0.50
AMS SAFL -0.33
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Table 3.6. Mean adult male indices of responsibility for proximity with respect to sexually 
receptive adult females
Male ID Mean RI SE of mean No. of Females
AMB 0.13 0.23 5
AMD -0.20 0.05 8
AMF -0.12 0.21 6
AMSH -0.22 0.07 7
AMN -0.32 0.03 7
AMS -0.50 0.14 7
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Figure 3.7. Percentage success of mounts depending on whether the mounting was initiated by 
either males or females
2 10
present
present
occurred
approach
by
female
approach 
by male
Figure 3.8. Relationship between harassment o f mating and success of mounts
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Table 3.7. Relationship between mating harassment by different age/sex classes the success of 
mounts. AM = adult male; AF = adult female; SAF = subadult female; J = juvenile; I = infant; V 
= vervet monkeys; U = unknown age/sex class. Five harassed mounts were harassed by more 
than one class; see text for details
Age/sex class of 
harasser
No. of harassed 
mounts Successful Unsuccessful % Successfiil
AM 13 0 13 0
AF 7 2 5 28.6
SAF 1 1 0 100
J 273 32 241 11.7
I 2 0 2 0
V 2 0 2 0
U 7 0 7 0
Figure 3.9. Number of mounts harassed by each ages sex class. The darker shaded area shows 
the proportion o f these that resulted in ejaculation. AM -  adult male; AF = adult female; SAF 
= subadult female; J = juvenile; I  = infant; V = vervet monkeys
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mountings by moving up to the pair (within 3m) and giving a low pitched 
“growling” vocalization. Immediate dismounting followed every observed 
instance (n = 13) of this behaviour. Harassment of matings by adult females was 
observed rarely (n = 7). All cases involved the female in question running up to 
within one or two metres of the mating pair, uttering aggressive “keh-keh” 
vocalizations. In five cases of mount harassment, harassers of more than one 
age/sex class were involved (Table 3.7); one involved an adult male with a 
juvenile male, two involved an infant with several juvenile males, one involved an 
adult male vervet {Cercopithecus aethiops) with a samango adult male, and one 
involved a vervet adult male with a juvenile samango male.
(iv) Serial vs. single mounting
Many mating bouts involved several mounts: of 243 mating bouts involving adult 
males and adult or sub-adult females, 96 comprised more than one mount (Table 
3.8). However, observations suggested that multiple mounts did not occur 
through the deliberate action of the male dismounting and remounting. Mount 
attempts appeared to terminate prematurely for two reasons; (a) because the male 
was unable to maintain the mating posture either because of bad positioning or 
because the female attempted to move out fi'om underneath him, or (b) because 
the mounting was harassed by third parties who directly disrupted the mating, or 
caused the male to dismount in order to chase or attack the harassers. Harassed 
mating bouts involved a significantly greater number of mounts than non-harassed 
bouts: when tested using Mann Whitney; U = 4520.5, Ni = 148, Nz = 94, 
P<0.001, two-tailed (Figure 3.10; Table 3.8). The mean number of mounts per 
bout for harassed mating bouts was 2.16, while for non-harassed bouts the mean 
was 1.29.
Male Mate Choice
There was potential for male mate choice, given that for a large proportion of the 
mating season in 1996 there was more than one sexually receptive female in each 
of the study troops at one time (this was true only of B troop in the 1995 season). 
However, male mate choice is difficult to detect or measure, since a male’s ability 
to mate with a chosen female will depend partly on that female’s ability to get
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Table 3.8. Number of mating bouts harassed and non-harassed for different numbers of mounts 
per bout
Mounts per Bout Harassed Non-Haiassed
1 71 76
2 38 12
3 16 3
4 11 3
5 4 0
6 2 0
7 3 0
8 1 0
9 1 0
10 1 0
Figure 3.10. Percentage of harassed and unharassed mating bouts for bouts with each mount 
number
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close to him (see female-female mate competition below). However, in A troop in 
1996, there was a high level of male competition because three males were full 
time residents. At this time, male competition was most likely to centre around the 
most dominant female of the troop, AFV, particularly in the latter part of the 
mating season (September - October). Of the 12 observed instances of mating 
harassment by adult males, eight involved harassment of AMD mounting AFV.
Female - Female Mate Competition
Although adult females did not usually harass mating pairs, females were observed 
on many occasions supplanting each other from proximity to adult males, 
sometimes with an aggressive chase. All these supplants were limited to the 
“mating season” and happened on days when receptive female behaviour was 
observed in the troop. This suggests that such behaviour was likely to be 
competition for the male as a mate. Most of these observations were 
opportunistic, and several observations of this behaviour were made in B troop 
after AMSH took up residence. Females appeared to compete with one another 
for mating and grooming access to AMSH. These interactions could not be 
quantified in terms of which females were receptive, since at that stage few of the 
adult females could be individually recognised. However, during the 1996 mating 
season 17 such supplants were observed during focal follows of adult males (0.11 
per hour of focal observation). Seven of these involved two females that were 
both sexually receptive on the day of observation, in another seven cases, one of 
the two females was receptive, and only in three cases neither female was 
observed to be receptive. This suggests that the competition for access to the 
males was likely to have been sexually motivated. In these supplants in 1996, 
which were all observed in A troop, females appeared to be competing for access 
to AMD and AMF, although none were seen to compete over AMB, the original 
resident male who was eventually ousted from A troop. The only female who was 
observed to groom AMB from July 1996 onwards was AFS, a female with an 
infant from the previous birth season, who did not become sexually receptive 
throughout the entire 1996 mating season.
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Of 21 females known to be pregnant over the two year study period, 11 were 
observed to show post-conception proceptivity. In 1995 these females were all 
members of B troop (n = 7); in 1996, of five females showing post-conception 
proceptivity, three were fi’om A troop (all of the females who conceived in A 
troop), one was fi'om B troop and one fi’om C troop (see Table 6.3).
Discussion
In common with most primate species, the fi’equency and intensity of aggression 
among male samango monkeys increases in the presence of sexually receptive 
females (see Smuts 1987b for review). The severity of aggression is usually much 
greater in males than in females as indicated by the number of observed wounds 
and the relatively protracted nature of conflicts among males. Samango male 
confiicts are more complex than those of females, involving a high fi’equency of 
threat gestures and, in the case of serious fights, a unique vocalization (“yowling”) 
that is made by the subordinate antagonist and appears to indicate submission. 
Observations indicate that male-female aggression is uncommon when compared 
to male-male aggression, as predicted in this study fi’om the degree of sexual 
dimorphism in samangos and their level of breeding seasonality. Male-female 
contact aggression occurred in a variety of contexts but never appeared to 
function as sexual coercion, as would be expected in situations where males were 
attempting to influence female mate choice. It should be noted, however, that in a 
previous study of samango monkeys at Cape Vidal, (Henzi & Lawes 1987) 
‘forced’ matings were observed, as was aggression towards males by females, 
apparently in an attempt to avoid such matings.
In a species living in unimale troops, male-male aggression is likely to occur in 
two contexts; (a) as competition for tenure of a troop, or (b) direct competition 
over females in the mating season when extratroop males attempt to gain access 
to bisexual troops. The contact fighting observed between males in the present 
study appeared to be predominantly of the latter variety and occurred exclusively 
in the mating season. The situation in A troop, however, in the 1996 mating 
season was somewhat unusual. Two new males (AMD and AMF) gradually 
infiltrated the troop and took up full time residence along with the original
90
Chapter 3: Mating Behaviour, Mating Competition and Mate Choice
resident male, AMB. Much of the observed male-male fighting during this period 
is likely to have represented a struggle for dominance among the males and 
ultimately a troop takeover, albeit a gradual one, when AMD eventually ousted 
the other two. This “tri-male” period was also the only situation where adult male 
harassment of mating was observed, when AMD would consort with a receptive 
female, and AMB and AMF would follow them and successfully interrupt 
copulations. Although copulations were never harassed by more than one adult 
male simultaneously, such harassment was observed to occur only when both 
AMB and AMF were present. This was a situation where subordinate males were 
harassing a dominant one, and interestingly, the latter never retaliated, perhaps 
because there was more than one other male present.
In species where inter-sexual selection is important and males form consortships 
with females, grooming of females by males is known to be an important way of 
affiliating with females and increasing their receptivity and cooperation (see 
Andelman 1986). In some species males appear to affiliate with infants as a way 
of winning favour with their mothers, e.g. savannah baboons, Papio cynocephalus 
(Smuts 1985); vervets (Keddy Hector et a l 1989). As predicted in this study, 
however, male affiliative behaviour towards females and their mfants is virtually 
absent in samangos, although males receive much grooming firom females.
Sexually receptive females appear to be more responsible for approaching and 
initiating interactions with males than vice versa. Variation in the responsibility 
index scores for different males with respect to receptive females suggests a 
differential in females’ preference for different males. AMB was the only male to 
have a positive mean score for responsibility for proximity with receptive females 
meaning that he approached them more and left them less than vice versa. AMB 
was the original resident male of A troop and in the 1996 mating season had 
almost no observed mating success. Against predictions generated in this study, 
females do appear to be able to influence the success of mating and exert 
preferences for some males over others. They are able to avoid matings, or 
terminate matings once they have started. Manson (1995) noted that in arboreal 
species, female mate choice is facilitated, as reduced visibility means that females
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are able to consort with subordinate males with less risk of detection by the 
dominant male than is the case in open country species. Such limited visibility, 
coupled with the fact that frequently more than one female in a troop was sexually 
receptive, meant that samango females could solicit and mate with males other 
than the resident troop males. Samango females were able to travel away from 
their troop and mate with extratroop males out of sight of their own resident 
troop male. Females in A troop were observed to do this on a few occasions at 
the beginning of the 1996 mating season and it seems likely that this influenced 
the subsequent entry into the troop of those males that they solicited, (AMD and 
AMF). Such acceptance of males into the social group after sexual interaction has 
also been observed in rhesus macaques, Macaca mulatta, (Tannenbaum & 
Wallen, 1997). Tannenbaum and Wallen found that rhesus males who mated with 
group females became higher ranked than they had been previously, they 
established social relations with the females they had mated with and they 
maintained these relationships after sexual interactions had ceased. Female 
samangos may also have ultimately affected male presence in their troops by 
forming alliances with males, influencing the outcome of male conflicts. Such 
effects have also been reported in vervet monkeys, (Raleigh & McGuire 1989); 
Tibetan macaques, Macaca thibetana (Zhao 1993) and woolly monkeys, 
Lagothrix lagotricha, (Macleod 1993). It appears then that female samango 
monkeys can have a significant effect on individual male success, in spite of the 
fact that they weigh only half as much as males. In addition to degree of sexual 
dimorphism in body size and level of breeding seasonality, female reproductive 
considerations are also clearly important in determining the relative importance of 
intra-sexual competition and inter-sexual influence. This is illustrated by 
observations of two other highly sexually dimorphic species; the patas monkey 
and the gelada. In both of these species males are involved in serious fights to gain 
or retain tenure in a bisexual troop, but in both species, the outcome of such 
contests may be influenced by the females (Dunbar 1988). In patas, the females 
determine whether or not a maturing male is allowed to stay on in the natal troop 
to replace the resident adult male and breed (Hall 1967). In gelada, females can 
bring about a change of resident male by responding positively to an intruder 
male’s invitations to groom. Once a large enough proportion of the group’s
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females have “voted” for the outsider in such a way, the incumbent appears to 
“give up” his residency. This forces resident males to alternate between 
intrasexual competition (aggressively chasing challenging males away from his 
females) and inter-sexual strategies (maintaining bonds with the females by 
grooming with them) (Dunbar 1984).
Samangos were predicted to be single- as opposed to serial-mounters. It is 
hypothesised that serial mounting serves to “persuade” females to remain with 
their consort partner (Manson 1996) and not to approach other males, so that this 
should occur in species where inter-sexual selection (i.e. female choice) is 
relatively important. However, Shively et al. (1982) note a positive association 
between the percentage of mounts which are serial and the degree of male-male 
competition in three macaque species. This appears to run counter to the idea that 
serial mounting is inter-sexually selected, but it is important to note that the 
variation in male competition for matings among the macaque species considered 
by Shively et al. {Macaca mulatta, M.fascicularis, and M.radiata) appears to be 
correlated with the differing levels of relatedness among males in the groups. In 
the species having the highest degree of male-male competition of the three 
considered {^.mulatta), the competition takes the form of consorting with and 
serially mounting females, behaviours hypothesised to be inter-sexually rather than 
intra-sexually selected. It is interesting to note that if we look at the figures of 
Shively et al. (1982) for the percentage of serial mounting observed in a species, 
and the degree of sexual dimorphism in body mass derived from the figures of 
Smith & lungers (1997) (Table 3.9), there is a negative relationship between the 
two. This is consistent with the idea that serial mounting behaviour indicates inter- 
sexual selection since in species showing lower sexual dimorphism in body size, 
females are expected to have more control over who they mate with and thus 
males should try to “persuade” them to stay with them through serial mounting.
While a proportion of samango mountings observed were of the serial variety, 
observations strongly suggest that this does not fimction to “guard” the female, 
but is a consequence of bad mount posture, withdrawal by the female or 
harassment by immatures. This is very similar to the phenomenon described for
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Table 3.9. Relationship between mount type and degree of sexual dimorphism in three macaque 
species. Data on mounting are taken from Shively et al. (1982). Data on sexual dimorphism are 
calculated from frgures taken from Smith & lungers (1997)
Species % Serial Mounting % Single Mounting Mmass/Fmass
Macaca mulatta 91 9 1.25
Macaca fascicularis 53 47 1.49
Macaca radiata 9 91 1.73
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patas monkeys, Erythrocebus patas, by Loy (1975), who suggested that that these 
primates typically copulate during a single mount unless they experience difficulty 
achieving intromission and/or they are harassed by conspecifics.
Male mate choice is difficult to detect or measure in samango monkeys since 
males may be constrained by female competition for access to the males 
themselves. It is clear, however, that males do respond selectively to female 
solicitations. For example, males do not respond to every sexual present by a 
female, and there were instances where a male would receive such solicitations 
from more than one female in succession and he would have to choose which, if 
any, to respond to. It is possible that the male would select the female closest to 
ovulation, and some evidence for this lies in the fact that males inspected or 
sniffed the genitals of females, presumably to assess their reproductive condition, 
and followed this with or without a mount. However, more work is needed on 
this aspect of male mate choice, if the link between choice and olfactory cues is to 
be more than speculative.
There is clear evidence of female-female competition over certain males in the 
samangos of this study. Since for most females only one male was available to 
mate with for most of the time, this could easily represent competition over 
sperm, as suggested for Hanuman langurs (Sommer 1989) since the more a male 
copulates, the lower his sperm count will become over a given time period (Mann 
& Lutwak-Mann 1981; Martin & Gould 1981). Female samangos were observed 
to inspect or sniff the genitals of males. If there were several sexually receptive 
females present in the troop at one time, it might benefit a female to determine 
whether a male has mated recently and thus whether it is worth her while 
spending time and energy soliciting him. Again, this is an aspect of samango 
reproductive behaviour that needs further research.
Sommer (1989) suggested that for Hanuman langurs, post conception mating 
could also represent competition for sperm among females. He hypothesised that 
by mating with the troop male, pregnant females were depleting the sperm 
supplies for female troop mates and potentially reducing future resource
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competition by reducing other females’ reproductive output. Post conception 
proceptive behaviour by females was very common in the samangos but the 
hypothesis that this represents suppression of troop mates’ reproduction is 
problematic for both samango monkeys and Hanuman langurs, since in both of 
these species, females in a troop are likely to be relatively closely related to one 
another and between group competition is likely to be stronger than within group 
competition (van Schaik & van Hooff 1992). In fact it would seem likely that 
females would benefit fi*om a high reproductive rate in all females in their troop, 
both through inclusive fitness if they are closely related, and by an increase in their 
troop size which may make the troop more successful in competition with other 
troops as has been shown to be the case in a study of vervet monkeys (Cheney & 
Seyfarth 1987). What is striking about the post conception proceptive behaviour 
observed in this study is that it occurred in all females in B troop in the 1995 
season after the takeover by AMSH, an infanticidal male that killW at least three 
of the troop’s infants. Then in 1996, post conception proceptivity occurred after 
the arrival of two new males (AMD and AMF) in all of the females who became 
pregnant in A troop. It is tempting to speculate that this behaviour is linked to 
infanticide avoidance (see Chapter 5) rather than competition over sperm. The 
infanticide avoidance hypothesis has also been suggested to explain post 
conception proceptivity in Hanuman langurs by Hrdy (1977).
Summary
The primary components of sexual selection operating on mammals are male-male 
competition for mates (intra-sexual selection) and female mate choice (inter- 
sexual selection). The relative importance of these two pressures varies among 
primate species and it is hypothesised that this can be predicted by the degree of 
sexual dimorphism in body size and the level of breeding seasonality of the 
species. Samango monkeys were expected to show a relatively high level of intra- 
sexually selected behaviour based on these factors and most of the predictions 
generated held true in these analyses: Males were aggressive towards each other 
in the presence of sexually receptive females but there was proportionately less 
aggression between males and females with no evidence of sexual coercion of 
females by males. Males did not act afifiliatively towards females (although they
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were tolerant of females and allowed females to groom them) or their infants, 
again suggesting that inter-sexual selection is less important in these monkeys 
than intra-sexual competition among males. The samango monkey mounting 
pattern is, in effect, a single one, although mounts were often disrupted for 
various reasons meaning that a male may have had to have several mount attempts 
before ejaculation occurs. However, counter to predictions, females did appear to 
have a large influence on male mating success, both in the proximate sense, since 
they were able to refuse a mount and were active in soliciting matings fl-om their 
preferred males, and in a broader sense in that they were able to influence male 
membership in their troops by seeking out and attracting extratroop males into 
their troops, and by forming alliances with one male against another, which may 
influence a male’s ability to takeover or remain in the troop.
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Costs and Benefits of Alternative Reproductive Strategies for 
Samango Males
Introduction
In primates, as in all mammals, females bear the bulk of the costs involved in 
producing and raising offspring (Trivers 1972) so that while females are generally 
limited by their access to food resources, a male’s reproductive success is limited 
primarily by the number of females he can inseminate in his lifetime. Therefore, we 
should expect a male primate to behave in a way that maximises his access to 
fertile females. How he does this will depend on the type of groups females live in 
and the potential for monopolization of these (Emlen & Oring 1977; van Schaik & 
van Hoof 1983; Dunbar 1988; Newton 1988; Clutton-Brock 1989; Altmann 1990; 
Newton & Dunbar 1994; Mitani et al. 1996).
In a unimale troop system, a male has the problem of finding a group of females, 
ousting the resident male and subsequently defending access to the females fi^ om 
other males. This is the primary strategy; that is, the most direct route to 
reproductive success within the constraints of the social system. A male’s ability 
to compete with and displace other males will depend on attributes of the male 
including his physical size and fighting abihty, his mental skills, his attractiveness 
to females, and/or coalitionary support he receives fi’om others (Dunbar 1988). 
However, the success of the primary strategy rests primarily on the male’s use of 
his intrinsic power {sensu Datta 1983) and this generally comes down to physical 
power. This is largely a function of age; initially it rises rapidly as the male 
completes his physical growth, reaches a peak in young adulthood and gradually 
declines with age. A male is therefore likely to attempt to achieve the aim of the 
primary strategy (in a unimale group system, this being the control of a harem of 
females) when in his physical prime as a young adult. One consequence of 
acquiring a harem, however, is that such a strategy may impose particularly severe 
costs on a male (for example, because of injuries sustained during fighting for 
tenure) so that his intrinsic power relative to other males may diminish at a higher
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rate than it would otherwise have done. The cost of defending females is likely to 
rise as the level of competition among males increases (Dunbar 1988).
Natural selection operates on reproductive success over an animal’s entire lifetime 
and a male’s lifetime reproductive output depends, not only on his success in 
defending sexual access to females during a given mating season, but also on the 
number of years in which he is reproductively active. Where the primary strategy 
imposes particularly heavy costs, a male may find it advantageous to opt for an 
alternative strategy that does not incur such severe costs but may be sustainable 
for a longer period of time (Gadgil 1972; Rubenstein 1980; Maynard Smith 1982; 
Dunbar 1988). The gains in terms of longevity may offset the losses incurred by 
not achieving the highest instantaneous rate of reproductive success, providing the 
reproductive rate using the alternative strategy is not zero. In such cases we are 
likely to see more than one mating strategy in a population.
In many primate species, alternative male strategies for securing mating access to 
females have been reported (for a review see Dixson 1998). For example, in the 
gorilla. Gorilla gorilla, a male has the option of staying in his natal troop and 
inheriting the harem from his father when he dies, or leaving the natal troop and 
acquiring females fi-om elsewhere, usually by kidnapping them fi-om other males 
(Harcourt & Stewart 1981). In the gelada, Theropithecus gelada, the primary 
strategy for a male is to take over a harem of females after ousting the resident 
male, and then to defend these females against other males (Dunbar 1984; 1988). 
An alternative, less risky option for gelada males, however, is to join a group as a 
follower, build up grooming relationships with one or two of the group’s females 
and then eventually to split off from the main group taking these females with 
him.
Alternative male strategies have also been observed among the Afiican guenons 
{Cercopithecus spp.) and their relatives. In these species a unimale social 
organization is the norm (Cords et a l 1986). Given the potentially high gains of 
troop residency for males in a unimale troop system, competition among males is 
likely to be very high, and males will only be able to spend a small proportion, if
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any, of their reproductive lives as troop residents. We should therefore expect 
males Uving outside of troops to attempt to maximise their lifetime reproductive 
success by finding alternative strategies for accessing sexually receptive females.
Several studies have shown that guenon males can achieve significant mating 
success without being permanent residents of troops. Observations of blue or 
samango monkeys, Cercopithecus mitis (Tsingalia & Rowell 1984; Cords et al. 
1986; Henzi & Lawes 1987), redtail monkeys, Cercopithecus ascanius (Cords 
1984; Struhsaker 1988; Jones & Bush 1988) and patas monkeys, Erythrocehus 
patas (Chism & Rowell 1986; Harding & Olson 1986; Ohsawa et a l 1993; Chism 
& Rodgers 1997) have revealed that for all of these species, in some populations 
in some years, extratroop males enter troops sometimes in large numbers, and 
mate with troop females. During these “multimale influxes” intruding males 
sometimes appeared to achieve greater mating success than the resident troop 
males. Given that the costs of takeover and defence of a group of females are 
likely to be high, it may pay some males to opt for the extratroop male life style.
Of the forest guenons, data are most widely available for Cercopithecus mitis 
(blue or samango monkeys). These occur in forests throughout eastern and 
southern Afiica and have been studied in a number of locations. Multimale 
influxes into a blue monkey troop were first reported by Tsingalia & Rowell 
(1984) indicating that the unimale social organisation did not fiilly describe the 
mating system of the population. During their six month study, 16 adult males 
entered the study troop and nine of these mated with troop females. Cords et a l 
(1986) describe another multimale influx in the same troop, two years later. Data 
fi-om another population of C.mitis indicated that the entry of extratroop males 
into troops during the mating season was not limited to the Kenyan population 
(Henzi & Lawes 1987). In this case, a troop of C  mitis erythrarchus at Cape 
Vidal, South Afiica, was invaded by at least 25 males during one mating season, 
and some mated with troop females. Further, more detailed data are presented 
here from observations of C. mitis erythrarchus at Cape Vidal. In this study, three 
troops were observed for two years, yielding data fi-om six troop mating seasons 
and the subsequent birth seasons. Additionally, several of the adult females as well
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as the males were identifiable, all of them in the second year of observation, 
meaning that it was known which individual females were mated with and which 
bore infants, and this was not the case in the previous Cape Vidal study.
Cords et al. (1986) and Henzi & Lawes (1987) have suggested that the behaviour 
of C.mitis males may represent two reproductive strategies which, over the long 
term, could produce equivalent reproductive success. If there are alternative 
lifetime strategies for male C  mitis, then these are (a) to strive to become a 
resident troop male, or (b) to be a dedicated extratroop male. The first of these is 
likely to be the higher risk, higher gain strategy in the short term: The risks are 
high as gaining residency requires that the male fights for tenure of a troop and 
fights to defend access to females, but the potential gains are also high as, if 
successful, he will have sexual access to several females. Alternatively, being a 
dedicated extratroop male is likely to have lower costs and lower gains in the 
short term. In this case the male would avoid the high costs of attempting to take 
over a troop, but may have less mating opportunities in an average season than a 
resident troop male.
If male C.mitis are following two different lifetime strategies then these should 
yield, on average, equivalent lifetime reproductive success, and this could be an 
example of a mixed evolutionarily stable strategy (ESS). An ESS is a strategy 
with the property that if all members of the population adopt it, then no mutant 
strategy can invade it. Where a mixture of strategies exist, their occurrence will be 
fi-equency dependent, i.e. which of the two strategies a given individual should 
adopt will depend on how many others are adopting each of the alternatives. Each 
strategy does best when relatively rare, but selection drives the frequencies of the 
different strategies until the average payoff is equal and a stable equilibrium is 
reached (Maynard Smith 1982).
Alternative strategies do not always yield equivalent lifetime reproductive output, 
however. If one strategy is optimal at all fi*equencies, the ESS will not be two (or 
more) strategies in equilibrium, but a stable point will be reached where all 
individuals adopt the optimum strategy. In this situation, variation in the observed
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male behaviour could be explained in two ways. Firstly, one of the observed 
strategies could, in fact, be a tactic within the primary strategy, but it is performed 
in addition to the primary strategy, or at an age when the male is too young or old 
to pursue that. If this is the case for C. mitis males then we would expect all males 
to “aspire” to acquiring control of a troop of females at some stage in their lives, 
but that they would attempt to maximise their gains by mating as extratroop males 
before gaining troop residency and after losing tenure. Secondly, a male pursuing 
a lower gain strategy may be making “the best of a bad job” because, for example, 
he is of insuflScient quality to be able to compete effectively using the optimum or 
primary strategy. In this case, we would expect C.mitis males of relatively low 
quality to use the extratroop male strategy.
The question that this chapter aims to answer then is this: Do male Cercopithecus 
mitis have the choice of alternative lifetime reproductive strategies which, on 
average, yield equivalent lifetime reproductive output, or is the mixture of male 
strategies that we see simply a consequence of mixed strategy sets in individuals 
who are at different stages of their reproductive lives?
This chapter describes the behaviour of resident and extratroop male C.mitis and 
the strategies that they employ to gain access to females. Secondly, it attempts to 
determine whether or not the new data presented support the hypothesis that 
C.mitis males are following two lifetime strategies of equivalent merit. If there are 
two lifetime strategies, then we would expect to see extratroop males achieving a 
significant proportion of successfiil matings compared with troop males and 
extratroop males would not be expected to attempt to remain resident in troops 
after entering opportunistically. We should also expect that any disparity in the 
instantaneous reproductive success between troop and extratroop males may be 
offset by differences in costs of each strategy such that the lower cost, lower gain 
strategy can be maintained for a longer period of life, thus potentially yielding a 
similar lifetime reproductive success. An attempt to answer this question is made 
through the following:
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(1) By examining the costs and benefits of the different strategies through
(a) comparing mating success (as a proxy for reproductive success);
(b) comparing activity budgets, feeding budgets and time spent being vigilant, in 
order to examine costs and benefits of the different strategies in terms of 
energy expenditure and risk;
(c) comparing the level of wounding to determine which strategy produces the 
highest costs in terms of risk of injury during aggressive episodes.
(2) By determining whether or not physical factors dictate which strategy a 
particular individual follows; i.e. do the different strategies have physical 
correlates, and is there any difference in quality between troop and extratroop 
males? This may help to indicate whether the extratroop male strategy is simply a 
“side tactic”, used when males are too young or old to gain troop residency, or 
“the best of a bad job” used by males of insufficient quality to become a troop 
male, as opposed to a strategy followed by males in their physical prime (“prime” 
describing an adult male in peak physical condition).
(3) By investigating the factors associated with a change in strategy, i.e. 
investigating the timing of, and behaviours surrounding, troop takeovers and 
termination of resident male tenure. This will give some indication of what males 
are competing over, and whether or not they are willing to give up troop 
residence easily.
Methods
Three habituated troops (A, B and C) of samango monkeys were observed at 
Cape Vidal (28°05’35”S, 32°33’40”E) between January 1995 and February 1997. 
For a full description of the study site, data collection methods, and sampling 
schedule, see Chapter 2.
During the first few months of the study it was impossible to individually 
recognise more than a few of the study animals. Adult males tended to be the 
easiest to individually recognise. All study troop adult males could be identified 
from the beginning of the systematic data collection period in May 1995 and a 
large proportion of extratroop males could be identified by natural features.
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Whenever a new extratroop male was sighted, his physical characteristics and 
features were entered into a database in order to facilitate future recognition. 
Other study animals were tagged for identification through the study period (see 
chapter 2).
In addition to troop-fbllows, a two kilometre survey route, within and slightly 
beyond the range of the three study troops, was walked between two and four 
times per week. All animals seen fi-om the path were recorded, including their 
identities where possible. These surveys yielded information on the distribution of 
troop and non-troop animals, including the male membership of bisexual and all­
male groups.
Focal samples were carried out on all adult males in the study area where possible. 
These included resident troop males, extratroop males travelling alone or in all­
male groups, and males associating temporarily with troops (see Chapter 2 for 
sampling schedule). Where extratroop males were observed during troop follows, 
surveys, or at other times opportunistically, their identities were recorded, as well 
as the identity of their associates and an instantaneous sample of their behaviour.
Measuring ratio o f troop : extratroop males
The numbers of unique troop males and unique extratroop males observed in the 
study area each month were recorded during troop-fbllows and during time spent 
searching for study troops. The mean total per month for each was calculated and 
these figures were used to produce a ratio.
Comparing mating success o f troop and extratroop males 
The number of mating bouts per hour of troop contact were calculated for all 
males observed to mate with study troop females on days where observer-troop 
contact was maintained for at least two hours. The proviso of a minimum of two 
hours troop contact per day is made since it was felt that at least two hours was 
needed to account for all troop members and see which of them were active in 
mating behaviour. Mating bouts are defined as a series of sexual mounts where 
there is no more than 15 minutes (and usually considerably less) between mounts
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and no mounts between either participant with other individuals. Successful bouts 
are defined as those where at least one mount ended in visible ejaculation or a 
post-copulatory hold (see Chapter 2, Table 2.6 for definition). Bouts are used as a 
measure of mating success rather than individual mounts, since many mounts were 
interrupted by harassment, particularly fi-om juveniles, so that the mating partners 
often had to perform several mounts to achieve intromission and a proper mating. 
These figures must represent only an estimate of the relative mating success of the 
males since it is extremely unlikely that all matings will have been observed.
Comparing activity budgets and feeding budgets o f troop and extratroop males 
Data on behavioural activity budgets, feeding budgets, amount of time spent being 
vigilant, scanning for food, and being in an “exposed” position, were collected 
through instantaneous sampling during focal sampling, and these were compared 
for troop and extratroop males. For descriptions and definitions of categories 
recorded, see chapter 2. The data presented come fi-om the 1996 mating season 
only, since few focal data are available fiar extratroop males in the non-mating 
season or in 1995. Both troop and extratroop males were focally sampled at all 
times of day, thus eliminating potential bias caused by differential activity at 
different times of day.
Comparing the level o f wounding o f troop and extratroop males 
Presence of new wounds (those that were judged to have been acquired in the 
previous month) on troop and extratroop males was recorded on m a d  libitum 
basis. Numbers of recent wounds observed per month observed were calculated 
for each known troop and extratroop male. Only one score is given per wound. It 
was assumed that wounds remained visible for up to one month, based on 
observations of wounding of males who were seen regularly. This measure, 
therefore, can allow direct comparison between troop and extratroop males even 
though a troop male may be seen several times in a month and an extratroop male 
only once. Where a male was observed as both a troop male and an extratroop 
male during the study period, two separate values are given for that individual. 
Wounds were classed as major, minor or intermediate, where a major wound 
would cause some disablement at least temporarily and may be life threatening.
105
Chapter 4: Alternative Male Strategies
while minor wounds were typically small cuts with little significant effect on the 
activities of the male. A major wound was regarded as more serious than an 
intermediate and a minor wound combined, so that for analysis, major wounds 
were scored as 4, intermediate as 2, and minor as 1, and the scores were pooled 
for each individual recognised male and divided by the number of months in which 
that male was observed.
Determining the physical correlates o f the different male strategies 
In order to determine whether or not there is a difference in quality between troop 
and extratroop males, various physical indices of male quality were compared for 
the different classes of male. Only males who had been captured for tagging and 
blood sampling (see Chapter 2) or had died are included here as it was possible to 
examine these individuals (n=13) thoroughly. Some of these individuals were 
examined twice (n=5) and in cases where the individual belonged to the same 
male category (troop or extratroop) both times (n=4), the mean measurements for 
that individual are presented. When two measurements were taken for the same 
male in different categories (n=l) the data are presented as two separate scores. 
Troop and extratroop males were compared using the following measures:
1. Their body mass.
2. The mean length of their two upper canine teeth (including measures of broken 
canines)
3. A general index of teeth quality; a value of 1 on the teeth index indicates 
pristine, unbroken teeth, while a value of 3 indicates broken teeth and a high 
degree of decay and wear.
4. A scar index, where a value of 1 indicates no scarring, and 5 heavy scarring.
5. Chest circumference as a measure of lung volume.
6. Upper arm circumference as a measure of muscle development.
Investigating events surrounding troop male replacements 
Whenever study troops were contacted, a record was made of their membership, 
so that if there were any immigrations, emigrations, births or deaths, (including 
resident troop male replacement) then the date of these could be estimated as 
accurately as possible. In the same way, whenever non-study troops were
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contacted, the identity of the resident male was recorded. Where troop male 
replacements occurred, the identity of the new male was recorded as well as the 
fate of the outgoing male if known, and the presence or absence of aggressive 
behaviour involving these males and wounding which may indicate aggression at 
the time of the takeover.
Results
Male behaviour and strategies
During the study period at Cape Vidal, 30 individually recognised adult and 
subadult male samangos were observed as resident troop males and/or as 
extratroop males (for definitions see Table 4.1). Extratroop males were observed 
as temporary residents during the mating season, as satellite males on the 
periphery of troops for short periods, as members o f all-male groups, and as 
solitary males travelling either on their own or occasionally among vervet troops. 
Of the 24 individually recognised extratroop males, 15 were observed in more 
than one of these categories and changed among them, not only fi-om month to 
month, but sometimes more than once per day during the mating season (Table 
4.2; Appendix). Troop males were also observed to opportunistically enter 
neighbouring troops to consort with females.
Troop Male Residency 1995;
In the 1995 mating season, each of the three study troops A, B & C had a single 
resident male (Figure 3.4). AMSH took up residency in B troop at the beginning 
of May 1995, while AMB and AMS were resident in A and C troops respectively 
at the beginning of data collection and the status of their tenures was not known. 
The 1995 mating season was characterised by a relatively small number of 
extratroop males in the study area and around the study troops (Figure 4.2).
Troop Male Residency 1996:
Just prior to the beginning of the 1996 mating season in April, the resident male of 
B troop was shot by an officer of the KwaZulu Natal Natural Conservation 
Services, and the vacant position was filled by AMN. AMB and AMS had
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Table 4.1. Definitions of Resident and Extratroop Males
Resident Troop Male Extratroop Male
Spend majtMity of time in close proximity to Fluid associations with other males, which
members of a single troop and vigilant 
towards intruders into troop
Give loud "pyow” and "boom" calls
may be long or short term. May travel with 
other males, alone, or as a sateUite male in 
the environs of a troop. No specific troop 
affiliation
Rarely give loud calls
Active in agonistic intertroop encounters Do not get involved in intertroop encounters
Agonisticalfy dominant over any male who Agonistically subordinate to troop males, at 
comes close to tiie troop least in the environs of the troop
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Table 4.2. Number of months each identified adult male was seen in different categories.
* Satellite males were non-resident males seen associating for varying periods with troops
ID Troop Male Lone Male Satellite Male* All Male Group
AM02 3
AM15 2
AM18 1
AM23 4
AM39 1 1
AM41 1 1
AM42 3 2
AM43 1 1
AM45 2
AM46 2 1 4
AM47 3
AMA 7 2 1
AMB 18 2 5 1
AMC 18 1 3
AMD 7 3 3 5
AMF 5 8 8
AMGU 8 5 4
AMI 5 1
AMJ 20
AMK 2
AML 2 2
AMM 6 2 3
AMN 10
AMS 24
AMSH 11 1
AMX 2 5
SAME 2
SAMH 1 2
SAMN 2
SAMR 2
N = 30 males; 6 were observed only as resident males, 18 were observed only as extratroop 
males, and six were observed as both troop and extratroop males. For actual months observed, 
see Appendix 1.
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Fig 4.2. Number o f unique troop and extratroop males observed within the study area 
(combined home ranges of study troops A, B and C) per month during (a) 1995 beginning in 
May, and (b)1996 (no data were collected in December)
1995
ILliIjj
□ET Males 
■Troop Males
Month
1996
In
Month
□  ET Males 
■  Troop Males
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maintained tenure in A and C troops respectively since the previous season. The 
subsequent 1996 mating season was characterized by a relatively large number of 
extratroop males around the study troops, particularly A troop (Figure 4.2). By 
the end of June 1996 A troop had two extra males who were almost full time 
residents, AMD and AMF, as well as several other males who regularly entered or 
followed the troop. AMD had been seen associating with AMF in an all-male 
group on five occasions before the mating season. By mid July, AMD had taken 
over the resident male position (see Table 4.1 for definition). The original 
resident, AMB, however, continued to associate with the troop, with some breaks 
when he disappeared for a day or two at a time. AMF also remained associated 
with the troop. AMB finally disappeared fi"om A troop in December 1996 and 
although AMF was seen near A troop fix>m time to time, he had also left the troop 
by the end of December 1996, leaving AMD as the sole resident male (Figure 
4.1). The resident males of B and C troops, AMN and AMS respectively, 
maintained tenure throughout and beyond the 1996 mating season.
All-Male Groups
All-male groups usually had between two and four members, although in the last 
few months of the study (Sept 1996 - Feb 1997) a much larger all-male group was 
formed. The membership of this large group ranged between 8 and 12 individuals 
and comprised juveniles and young subadults who had recently emigrated from 
their natal troops, plus one to four adult males. Some all-male groups maintained 
their membership over a few months while others lasted for days or even hours, 
and even the more stable groups split up on occasion.
Some males, particularly those judged to be relatively old on the basis of their 
appearance, were usually observed on their own, but joined up opportunistically 
with other males fi-om time to time. In general, young males were much more 
likely to be observed in groups, while older males spent more time alone. For 
instance, if the extratroop males in Table 4.8 (excluding dead individuals) are 
divided into young and old males based on their appearance, the young adult 
males (AMX and AMI) were observed in all-male groups during a total of six 
months but were never observed as lone males. The old males (AMGU, AMF,
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AMK) however, were observed in all-male groups during a total of 12 months, 
and as lone males in a total of 15 months (see Appendix). Juvenile and sub-adult 
males living outside of troops were only ever seen in the company of other males 
in all-male groups. Some extratroop males were observed in the study area over 
several months, while others were more temporary visitors, only being seen once 
or twice before disappearing from the area (Table 4.2, Appendix). Most observed 
extratroop males were not seen in the study area in consecutive years: of the 13 
extratroop males observed during a mating season, who were never observed as 
resident troop males and did not emigrate from their natal troops during the study 
period, three were observed only in the 1995 mating season, seven were observed 
only in the 1996 mating season, and three were observed in both seasons 
(Appendix).
Categorising Males *
Because of the very fluid and variable nature of male associations with each other 
and with troops, it is impossible to categorise individual extratroop males as being 
permanently solitary or a member of an all-male group, since a male can change 
frequently from one to another, particularly during the mating season. A 
distinction is possible, however, between resident troop males and extratroop 
males (Table 4.1), since troop males had a unique and full time relationship with 
their troops; they spent the majority of their time in close proximity to troop 
members, they were vigilant for intruders into their troops, particularly during 
troop movements when they often headed out in front of the troop, and then after 
the troop’s passage, over a ridge for example, they typically spent time being 
vigilant at the rear of the troop. Troop males regularly gave loud “pyow” and 
“boom” vocalisations (see Marier 1973, for descriptions) while extratroop males 
seldom, if ever, gave loud calls, and troop males generally had agonistic 
dominance over any male who entered or came close to the troop (Table 4.1), 
except in cases of troop takeover.
Even the distinction between troop and extratroop male was not always clear cut, 
however, and was violated in A troop in the 1996 mating season, during what 
could be described as a gradual takeover with an accompanying male influx. AMD
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became agonistically dominant over the original troop male, AMB, in the first half 
of the mating season. AMB remained associated with the troop for several months 
in spite of sustaining severe injuries, although he disappeared firom time to time 
and was often a peripheral male following the troop, as opposed to a central male. 
AMB did however, continue to give loud calls and sometimes helped defend the 
troop during intertroop encounters. AMD and AMF gave loud calls during this 
period, especially AMD, and given that extratroop males were never observed to 
give loud calls, this could indicate that these males “regarded themselves” as 
troop residents as suggested for Kakamega C.mitis by Cords et al. (1986). The 
troop male situation was further complicated by the fact that A troop regularly 
split up into subgroups in the latter half of the mating season, with different males 
in different subgroups of females. The membership of these subgroups was not 
consistent (see Chapter 5).
Extratroop Male : Resident Troop Male Ratio
The ratio of extratroop males / troop males was 1.0 for 1995 and 1.4 for 1996. A 
greater mean number of unique extratroop males per month were observed in the 
study area in 1996 than in 1995 while the number of unique troop males observed 
remained more constant (Mean per month ± ISD; 1995: Extratroop males 
4.38±2.97, Troop males 4.38±0.92, 1996: Extratroop males 7.36±4.97, Troop 
males 5.27±0.9). Figures for extratroop males are likely to be an underestimate 
since extratroop males with no recognizable features were observed occasionally, 
but were scored a maximum of once per month even though more than one such 
male may have been observed (although not simultaneously).
Costs and Benefits o f Different Male Strategies
(a) Mating Success 
1995:
In the 1995 mating season the rate of observed matings was extremely low in A 
and C troops, and in fact, no matings at all were observed in these troops on days 
when observer-troop contact time exceeded two hours (Table 4.3). Mating
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Table 4.3. Rate of mating bouts per hour of troop contact on days \\here contact with troops 
exceeded two hours in (a) the 1995 mating season, and (b) the 1996 mating season. All males 
observed to mate in the study troops are Usted. “No. Females” refers to the number of different 
females each male was observed to mate with, in the first column, and to mate successfully with, 
in the second column. See text for definitions
1995
Troop Male ID Male Category Bouts/Hour of 
Troop Contact
No. Females Successful
Boids/Hour
No. Females
A AMB T 0 0 0 0
B AMSH T 0.514 7 0.120 5
B AMJ T t 0.007 1 0 0
C AMS T 0.016 1 0 0
1996
Troop Male ID Male Category Bouts/Hour 
Troop Contact
No. Females Successful
Bouts/Hour
No. Females
A AMB T 0.007 2 0.004 1
A AMD T/ET* 0.281 9 0.022 8
A AMF T/ET* 0.064 4 0.034 3
B AMN T 0.255 6 0.131 6
C AMS T 0.134 7 0.036 2
t  Troop male of D troop mating in neighbouring B troop.
* Classification of these males is problematic; for descriptim of situation, see text under 
“Categorising males”.
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behaviour in B troop in 1995 contrasted strongly with this. B troop experienced a 
male replacement at the beginning of May (the beginning of the mating season) 
and the new male, AMSH, had a far higher rate of mating success than the other 
two study troop males (Table 4.3a). AMSH mated with all seven females in B 
troop and was observed to complete successful matings with at least five of them. 
Only one male other than AMSH was ever seen to mate with a B troop female 
during the 1995 mating season, and then only once. This was AMJ, the resident 
troop male of neighbouring D troop, showing that resident troop males may mate 
opportunistically with females fi*om other troops.
1996:
The 1996 mating season was characterised by a much higher level of extratroop 
male presence than in the 1995 season. This was particularly evident in A troop. 
In B and C troops, both resident troop males had successful matings with several 
females in their troops, although no extratroop males were observed to mate in 
these troops.
In A troop, however, the resident male, AMB, was unable to defend his troop 
females fi-om other males and by mid-May two extratroop males (AMD and 
AMF) began entering the troop and mating with females. By mid-July both of 
these were in residence along with AMB, the original resident, although AMF 
continued to occasionally visit other troops. Other males were observed 
associating with A troop during the 1996 mating season. AMA and AMGU were 
the most regular of these, and while these two attempted to interact with A troop 
females, they were not observed to mate with them. Other males travelled with 
the troop but were not seen to interact with troop females. AMB was observed to 
mate only twice and only one of these matings was definitely successfiil. AMF and 
AMD were the only other males observed to mate in A troop in 1996 and of these 
AMD had by far the highest rate of mating, although AMF was observed to mate 
successfully to ejaculation most frequently (Table 4.3b). AMD, however, mated 
with all but one of the A troop females, and mated successfiilly with at least eight 
of these, while AMF was observed to mate successfully with only three different 
females.
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Few males in total were observed to mate with study troop females (seven in total 
over two years; three in 1995 and five in 1996), (Table 4.3). It is clear fi-om these 
data that very few extratroop males achieved any observed mating success at all in 
the three study troops over two mating seasons. Troop males achieved 100% of 
observed successful mating bouts in 1995, and between 75.3% and 85.0% in 1996 
(depending on whether or not AMD is classified as a resident troop male). Only 
two males were seen to mate successfully while classified as extratroop males; 
AMF and AMD. Both of these had relatively long term associations with the 
troop, with AMD eventually taking over residency. Troop males were very much 
more successful overall than extratroop males, with the exception of AMF in 
observed mating. However, the newly resident males who were experiencing their 
first mating season in their troops (AMSH, AMN and AMD) had conspicuously 
higher rates of observed mating than other residents (Table 4.3).
One factor that clearly needs to be taken into account is the possibility that 
matings by extratroop males may be less conspicuous to the observer than those 
by troop males. Mating bouts that occurred within the central part of the troop 
appeared to be easy to detect, since these were harassed by juvenile males who 
gave aggressive vocalizations (see Chapter 3), drawing the observer’s attention if 
the mating had not been directly observed. Consortships did occur in the 1996 
mating season, where an adult male and female would travel and mate together at 
a distance greater than 50m fi-om other troop members, but this was only 
observed to involve either troop males or the two males who took up residence in 
A troop on a long term basis, AMD and AMF. More difficult to detect would be 
instances where adult females travelled far fi-om the troop in search of mating 
opportunities.
Ideally, it would be possible to check for troop-remote matings by focally 
sampling adult females, however, it was extremely difficult to maintain focal 
contact with these. A total of 21.5 hours of focal samples were obtained for adult 
females during the 1996 mating season and during these, none were seen to 
interact with extratroop males. Another check on female behaviour is to compare
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the proportion of troop females sampled during instantaneous scan samples for 
the mating season and the non-mating season. If females tend to leave the troop to 
search for extratroop mating opportunities, we should expect to sample fewer 
females per troop in the mating season as they would be more difficult to locate 
away from the troop centre. The mean number of adult females per scan sample 
was compared for the mating (1/5/96 - 30/11/96) and non-mating season (1/12/95 
- 30/4/96) using a t-test for independent samples and there was found to be no 
significant difference between the means (m-1.63, df=612.44, P=0.103, two- 
tailed). This is in spite of the fact that in A troop in the 1996 season, females split 
up into subgroups as described above, meaning that fewer than usual females 
could be located and sampled. The observers are confident that no large scale 
mating occurred which involved extratroop males other than those reported 
above.
(b) Activity Budgets
The proportion of instantaneous samples involved in different types of activity 
were compared for troop and extratroop males from focal data, and analysis 
was carried out on raw data (Tables 4.4 - 4.6; Figures 4.3 - 4.5). The males AMD 
and AMF have been excluded from the analyses because of the problems in 
assigning them to a male category (see Observed Male Strategies section above). 
Troop males include AMB, AMN and AMS (the resident males of the study 
troops), and extratroop male locals include data on six different individuals. 
Troop males spent significantly more time resting and grooming than extratroop 
males, while extratroop males spent significantly more time feeding, moving and 
involved in agonistic interactions (Table 4.4; Figure 4.3). Extratroop males also 
spent a significantly greater percentage of instantaneous samples scanning the 
vegetation for food (Table 4.6; Figure 4.5), and they travelled a significantly 
greater distance per unit time during focal samples than troop males (Figure 4.6). 
Extratroop males spent a significantly greater percentage of their feeding records 
feeding on finit than troop males did, while troop males ate significantly more 
leaves (Table 4.5; Figure 4.4). This suggests that extratroop males may be 
compensating for their more active behaviour by consuming greater quantities of
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Fig. 4.3. Activity Budgets
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□  Troop Males 
■Extratroop Males
Fig. 4.4. Feeding Budgets
a> 50 
g) 40 +
1 30
S  20 +
□Troop Males 
H Extratroop Males
119
Chapter 4: Alternative Male Strategies
Fig. 4.5. Proportion of samples spent scanning, being vigilant, and in an exposed position
Scan
□  Troop Males 
■  Extratroop Males
Vigilant Exposed
Position
Fig. 4.6. Mean distance travelled per minute during focal samples
Troop
Males
Extratroop
Males
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energy rich food, or alternatively, that they were more active because they were 
able to consume more fruit since they had few, if any, immediate feeding 
competitors. Because of lack of data, it is not known if extratroop male feeding 
behaviour differed between the mating and non-mating seasons. For troop males 
there is no difference in the percentage of instantaneous focal samples spent 
feeding between the mating and non-mating seasons (MS 25.29%; NMS 25.10%) 
suggesting that their diet was not constrained by mating season requirements. 
Troop and extratroop males did not differ significantly in the proportion of the 
time spent being vigilant or positioned in exposed areas (Table 4.6, Figure 4.5).
(c) Distribution of wounds
Risk of being wounded is a cost of male competition for access to females. 
Observations of fights involving male-male contact were confined to the 1996 
mating season and were most apparent near A troop which had the largest number 
of males associated with it. All but three (total n = 32) observed new wounds (one 
minor and two intermediate) referred to in Table 4.7, were sustained during the 
mating season months (May to November). The fights were characterised by 
sparring behaviour, with one male swiping with his hand at the face of another. 
The attention of the observer was often drawn to a male fight by a characteristic 
nasal “yowling” vocalization made by a male backing down and being submissive. 
Wounds to the tail were common and were sustained as males attacked freeing 
opponents (Figure 4.7).
There was no significant difference in the wound score for troop and extratroop 
males (Mann-Whitney test: (>=168.5, A^=24, P>0.10) (Table 4.7). It is
notable, however, that troop males are likely to receive their most serious wounds 
when they are ousted from troop residency by a new male. Of seven males known 
to have been expelled from their troops between January 1995 and July 1997 four 
disappeared, one was badly wounded and disappeared, one survived and was 
observed travelling with another extratroop male but he had lost three fingers and 
a thumb, and one was severely wounded but remained in the area and died a few 
days later (the last male in this list was ousted from his troop after the main study 
period was over and was not included in the statistical analysis above or in Table
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Fig. 4.7. Distribution on body o f new wounds observed on adult males
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Table 4.7. Numbers of new wounds observed on males
ID Number of Months 
Observed Minor Wounds
Intermediate
Wounds Major Wounds
Extratroop Males
AM46 4 0 0 0
SAMR 2 0 0 0
AMD 6 1 0 0
AMC 3 0 0 0
AMB 5 0 2 0
AMGU 11 3 1 0
AM47 3 0 0 0
AMF 13 2 0 0
AM45 2 0 0 0
AM43 1 0 0 0
AM42 4 0 0 0
AM41 1 0 0 0
AM39 2 0 0 0
AM18 1 0 0 1
AMA 8 2 0 0
AMI 1 0 0 0
SAMN 2 0 0 0
SAME 2 0 0 0
AMK 2 0 0 0
AML 2 0 1 0
AMM 3 0 1 0
SAMB 2 0 0 0
AMX 6 0 0 0
AMSH 1 0 0 0
Troop Males
AMM 6 0 0 0
AMI 5 4 0 0 0
AMSH 11 6 0 0
AMD 7 3 1 0
AMN 11 1 1 0
AMI 5 0 0 1
AMB 18 3 0 1
AMC 18 0 0 0
AM02 2 0 0 0
AMJ 15 0 0 0
AMS 24 0 1 0
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4.7). This suggests that resident troop males risk serious injury in the defence of 
their troop tenure.
Correlates o f male strategy type
There was no significant difference in the mass of troop and extratroop males 
(Mann Whitney test: (7=29.5, #i=A^=7, P>0.2) (Table 4.8). Neither was there a 
significant difference between male categories in canine length ((7=11.5, Wi=3, 
# 2=4 , 0.1>P>0.05), teeth index ((7=10.5, # i=6 , N2=7, P>0.2), scarring index 
(C/=13, # 1=6 , # 2=7 , P>02), chest circumference (0=37, #i= # 2=7 0.2>P>0.1), 
nor upper arm circumference (0=36.5, # i= # 2=7 0.2>P>0.1) although troop 
males have higher quality mean scores for all but one of these measures (Table
4.8). It is interesting to note that extratroop males have a higher level of variation 
in all but one of their scores than troop males, as shown by the standard 
deviations fi’om the means. In other words, while all troop males have generally 
high quality scores, extratroop males are more variable. On the basis of these 
characteristics and the males’ general appearance it appears that the extratroop 
males that were examined can be divided into young males approaching their 
prime, and old males.
Events surrounding troop male replacements
Seven troop male replacements were known to occur in the study troops and 
neighbouring troops between January 1995 and July 1997. All of these occurred 
in the first half of the mating season or just prior to the beginning of the mating 
season (Figure 4.8), although the B troop takeover by AMN in April 1996 was 
artificial as the previous resident, AMSH, was killed by the KZN-NCS that 
month, leaving the position of resident troop male vacant. Male replacements 
then, coincide with the likely onset of receptivity and preceptive behaviour in 
troop adult females.
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Fig 4.8. Calendar months during which troop male replacements were observed in study troops and 
neighbouring troops between January 1995 and July 1997
4
I 3
ting Season
0
I I I I 3
Month
I
126
Figure 4 .9 . AM D; initially observed as an extratroop male, he took up residency in A troop during the 
1996 mating season
Figure 4 .10 . AM N being groomed by an adult fem ale, AFG. AM N was the resident troop male o f  B 
troop during the 1996 mating season and beyond
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Discussion
Behaviour o f adult male samangos
Observations of samango monkeys at Cape Vidal over two years indicate that 
males occur in a variety of grouping patterns, including being associated with a 
troop as a resident male, being a temporary resident for days or hours, following a 
troop as a satellite male for short periods but not interacting with troop members, 
travelling with other males in an all-male group, or being solitary, either alone or 
occasionally associated with a vervet troop. Troop residency, for the duration of 
tenure, appears to be a relatively stable state, although troop males may “sneak” 
matings in neighbouring troops. Extratroop males change among the other 
categories, i.e. solitary male, all-male group member, or satellite male. This 
variety of male states has also been observed in the Kakamega forest C.mitis 
population (Rowell 1997). Male patas monkeys are similarly reported as living as 
residents in groups of females, associating temporarily with groups in the mating 
season, living in all-male associations or travelling singly (Chism & Rodgers 
1997). In other forest guenons, only solitary extratroop males have so far been 
confirmed (Cords 1987b).
Many samango extratroop males travel together in small all-male groups, and 
even those that are sometimes observed alone, associate and feed together with 
other extratroop males on occasion. Because extratroop males are difficult to 
follow, and their range extends well beyond that of the study troops, it is 
impossible to determine how permanent extratroop male associations are. 
Certainly their ranges seem to be spatially and temporally variable, given that most 
adult and subadult males observed in the study area several times during the 1996 
mating season, had not been seen in the 1995 season and vice versa. However, the 
observer had the strong impression that at least some of the males in the study 
area were familiar with one another, as even though they did not associate 
together closely for most of the time, these males would feed and travel in close 
association occasionally.
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Heiizi & Lawes (1988) suggest that there may be two options open to extratroop 
males in terms of their association with troops. One is to be a “hoverer”, where 
the male stays in the home range of a few troops, sitting out during mating 
seasons where there are few receptive females, and then taking advantage of 
opportunities in seasons when there are a large number of receptive females. The 
other option is to be a “wanderer” who moves to areas of high density of 
receptive females wherever they may be. There is evidence from the present study 
for both of these; three extratroop males were observed in the study area several 
times in both years of observation. Most individually identified males however, 
were seen only once or a few times over a short period suggesting that they were 
using the wandering tactic. The majority of those in the latter category appeared 
during the 1996 mating season, when there was an apparent convergence of 
extratroop males on the study area. Rowell (1997) also noted that in C.mitis in 
Kakamega forest in Kenya, extratroop males tended to concentrate in different 
areas in different seasons. She reported that male associations were very fluid but 
that males appeared to “know” each other in a “well ordered society” separate 
from female groups. Rudran (1978) and Butynski (1990) also report that the 
ranging patterns of extratroop male C.mitis in Kibale forest, Uganda were 
transient and they did not spend more than a few weeks in any particular area.
Are there different lifetime strategies fo r samango males?
If extratroop males are pursuing an opportunistic strategy in opposition to 
becoming a resident troop male, we should expect their mating success, measured 
over several mating seasons, to be significant when compared to troop males, 
assuming that mating success gives some indication of reproductive success. It 
must be borne in mind however, that when the costs and benefits of being a troop 
and extratroop male are compared, it is not known which of those males presently 
living outside of troops are actually attempting to become troop males. In other 
words, if males are following two separate strategies, these are to strive to be a 
troop male, and take the risks associated with that (whether or not that ambition 
is realised) and to be a dedicated extratroop male. Without long term
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observations, data are not available to determine which of these strategies a given 
extratroop male might be following. Nevertheless, if being a dedicated extratroop 
male is a viable lifetime strategy, we should expect at least some extratroop males 
to be reproductively successful.
During the study period one multimale influx took place in one of the study 
troops, (defined using criteria from previous studies which were based on 
numbers of males entering the troop during the mating season; see Cords, in 
press, and this study Chapter 5). This involved a maximum of seven adult males 
associating with the troop on any one day of observation, and a mean of 3.58 
males per day during the mating season (Chapter 5). Nevertheless, only two 
extratroop males were observed to mate during this influx (AMF and AMD) and 
no other extratroop males were observed to mate over two mating seasons and in 
three troops. This stands in contrast to observations in other studies where many 
males mated within the study troops during influxes (Tsingalia & Rowell 1984; 
Cords et al. 1986; Henzi & Lawes 1987). In the present study, the original 
resident male of the troop experiencing the multimale influx (AMB) did not 
maintain dominance over incoming males and was unable to maintain his tenure. 
This again contrasts with these previous studies, where resident males remained 
dominant over incoming males throughout the mating season, and retained tenure 
after the male influx was over (Tsingalia & Rowell 1984; Cords et al. 1986; Henzi 
& Lawes 1987).
Observations of AMD and AMF did not indicate that they were following a 
lifetime extratroop male strategy. AMD subsequently took over residency in the 
troop, thus bringing his extratroop male status to an end. AMF then was the only 
successful male in terms of observed mating, who fulfils the criteria for an 
opportunistic extratroop male. AMF however, was past his prime, as indicated by 
his facial appearance, and the decay and wear of his teeth. He was subordinate to 
both AMD and AMB within A troop and tended to avoid confrontation, backing 
away from fights if he could. AMF was therefore not in a position to take over 
residency in a troop and could have been making use of his experience and 
perhaps familiarity with the females to achieve mating success. These
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observations, thus, offer no evidence of extratroop males achieving significant 
mating success while passing up the opportunity to take over a troop.
Since selection pressure operates on lifetime reproductive success, we can predict 
that if extratroop males are following a truly alternative strategy to that of troop 
males, they should compensate for their low rate of mating success by maintaining 
their strategy for a longer period. This could be done by living a less costly 
lifestyle than troop males and taking fewer risks. However, comparative data on 
activity budgets for troop and extratroop males suggest the reverse; extratroop 
males lead a more costly existence in terms of time spent in agonistic encounters 
and of energy expenditure. On the other hand, it could be that extratroop males 
are able to be more active because they have access to energy rich food sources 
because of lack of immediate feeding competition; data suggest that extratroop 
males ate more finit than troop males. Troop and extratroop males have an equal 
chance of acquiring new wounds, although in conflicts between troop and 
extratroop males it is always the troop male that initiates such a conflict and troop 
males are always dominant except in cases of troop takeover. It may be that 
extratroop males are unwilling to take the risk of escalating fights. The only 
observed exceptions to this occurred in A troop in 1996 when AMD became 
dominant to AMB before the latter was eventually driven from the troop. Troop 
males received their most serious wounds when they were ousted from troop 
residency by a new male, and observations suggested that tenure of a troop was 
not given up lightly. Termination of tenure could signal the end of a male’s 
reproductive career or even his life. Cords’ (in press) study which monitored six 
C.mitis troops at Kakamega for up to 19 years could find no evidence that males 
have more than one tenure as resident. This could mean that troop males may 
have a shorter reproductive lifespan than those males that opt to maintain an 
extratroop lifestyle.
Examination of various indices of male quality indicate that troop males tend to be 
high quality males in their prime as indicated by their pristine teeth and low level 
of scarring. Extratroop males include some clearly old individuals but also young 
prime males. Of the prime extratroop males observed who were seen in more than
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two months, all eventually took over residency in troops (the fate of other prime 
males could not be determined). Examination of male physical quality, therefore, 
gives no support to the idea that males are foregoing the opportunity to become 
troop males in order to follow a lifetime extratroop male strategy.
The question being addressed in this chapter is this: Do adult male samangos 
follow a mixed strategy set during their lifetimes where they attempt to gain 
tenure in a female troop, but maximise gains as extratroop males at other times in 
their lives, or do they have the choice of alternative lifetime reproductive 
strategies, which on average, yield equivalent reproductive output? These 
alternative explanations for the mixed male behaviours observed in C.mitis can be 
further explored using a simple model, which assumes that males have two 
alternative strategies open to them.
Strategy 1
The male starts his adult life as an extratroop male. Once he reaches his “prime” 
he strives to become a resident male. Once he loses tenure of his troop he may 
then spend further years as an extratroop male. Lifetime reproductive success 
(LRSl) is thus made up of the total number of infants sired as a troop male plus 
the number sired as an extratroop male.
Strategy 2
The male spends the whole of his adult life as an extratroop male. Lifetime 
reproductive success (LRS2) is the number of infants sired as an extratroop male.
If LRS1>LRS2 on average, the evolutionary stable strategy (ESS-A) will be for 
all males to strive to become troop males. However, as some may never succeed, 
and all will spend at least a part of their adult lives as extratroop males, the 
population will be observed to be mixed in behaviour.
If LRSl = LRS2 on average, the evolutionary stable strategy (ESS-B) will be for 
some males to pursue strategy 1 and others strategy 2. Hence, the behaviour
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patterns observed will still be mixed, although some males will never attempt to 
become troop males.
Another alternative is that LRS2 > LRSl, but since this would lead to no males 
attempting to defend a harem, this is not considered here as it is inconsistent with 
observed behaviour. As this study was relatively short it is impossible to calculate 
all the values required here to ascertain which of the two possible ESSs might be 
operating. However, it is possible to use the available data to estimate the relative 
success of males using the two strategies.
Of the infants are bom in a given year, a proportion of these will have been sired 
by troop males and the remainder by extratroop males. In this study the 
proportion of successful mating bouts per hour of troop contact per male, 
performed by troop males was 90% and performed by extratroop males was 10% 
(see Table 4.3) (if we classify AMF as an extratroop male and AMD as a troop 
male). Assuming that mating success equals reproductive success, then troop 
males will have sired 90% of the infants bom subsequently and extratroop males 
will have sired 10% of infants.
The tenure length of a troop male will also influence the number of infants he will 
sire over his lifetime. In this study, troop male replacement occurred at a rate of 
0.6 per year per troop (Chapter 6), giving an average expected residency for a 
troop male of 1.67 years. If Y1 = the number of years expected as an extratroop 
male for a male following strategy 1, and Y2 = the number of years expected as 
an extratroop male for a male following strategy 2 , then the expected lifetime 
reproductive success of males can be calculated as follows:
Sum LRSl for all troop males in the population
= (0.9 * 1.67) + (0.1 *Y1)
= 1.5 + 0.1(Y1)
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Sum LRS2 for all extratroop males in the population
= 0.1(Y2)
LRSl for each individual male = 1_^ + Q.KYll
no. troop males no. ET males
LRS2 for each individual male = 0.1 (Y21
no. ET males
KLRS1=LRS2
15  + O.UYl) = 0.KY21
no. troop males no. ET males no. ET males
15  = 0.UY21-0.irYn
no. troop males no. ET males
no. ET males = 0.KY2 - Y ll
no. troop males 1.5
The average ET maleitroop male ratio in this study was 1.2:1, hence
1.2 = 0.1fY2-Yn
1.5
Y2-Y1 = 1.2*1.5 = 18
0.1
Thus, if LRSl = LRS2 in this population, males will have to live, on average, 18 
years longer as strategy 2  males to achieve an equal lifetime reproductive success 
to males following strategy 1. This is clearly not viable so we must assume that 
ESS-A is operating and that LRSl > LRS2, i.e. all males follow strategy one, 
striving to become a resident troop male, but being an extratroop male for part of 
their reproductive lives.
This analysis clearly has many limitations: it assumes that observations accurately 
reflect the relative mating success of different males, when in reality, only a 
fl-action of the total matings which occurred will have been observed, although it
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is hoped that observation techniques will have minimised bias towards either 
troop or extratroop males in mating success. Secondly, the analysis assumes that 
mating success equals reproductive success which is not necessarily the case, 
since a male may be successful in siring offspring with very few, judiciously timed 
matings. The only way to reliably measure reproductive success of males is to 
ascertain paternity of infants bom in a population through genetic analysis (see 
Dixson 1998 for review of this work on primates). A third limitation of this 
analysis is that it is based on a short term study. Longer term data on a larger 
number of males are required in order to obtain a more viable measure of mating 
success, of the ratio of extratroop to troop males in the population, and of tenure 
length for resident troop males.
In spite of these limitations, we can draw some important conclusions from the 
data presented in this chapter. Of all males observed in the study, only one male 
who was classed as an extratroop male, achieved any observed mating success 
over six troop-mating seasons, while newly resident males had considerable 
success. This is not what would be expected if some males were following a 
dedicated extratroop male strategy of equivalent merit to the troop male strategy. 
No prime males were observed to maintain an extratroop male lifestyle for more 
than six months before taking over a troop or disappearing from the area. 
Resident troop males did not give up tenure in troops without serious fights. All 
these observations suggest that while males have the potential to increase their 
lifetime reproductive success by mating opportunistically when not incumbent in a 
troop, males “aspire” to being a resident male, since the potential reproductive 
gains are high, at least at the beginning of residency.
The data analysed here indicate that during this study, the extratroop male 
strategy tended not to be as profitable in terms of instantaneous mating success as 
being a troop male. However, in other studies of C.mitis, observers have reported 
extratroop males as having more mating success than the resident male in some 
troops in some years (Tsingalia & Rowell 1984; Cords et a l 1986; Henzi & 
Lawes 1987). Clearly, the relative costs and benefits of each strategy are affected 
by various ecological and demographic factors which will vary between
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populations and within populations over time, thus producing a shift in the 
equilibrium point in the relative frequency of alternative strategies. These factors 
will affect the resident troop male’s ability to monopolise access to fertile females 
(Emlen & Oring 1977) and are likely to include (i) the operational sex ratio, as 
this will affect the general level of competition for troop residence, raising the 
costs of being a troop male (Rubenstein 1980; Butynski 1982); (ii) population 
density and home range size, as these will affect the ease with which a male can 
move opportunistically from one troop to another in search of mating 
opportunities, and therefore the relative profitability of being a long term resident 
in one troop versus a roving extratroop male (Srivastava & Dunbar 1996); (iii) 
female group size, dispersion, and the degree of visibility in their environment, 
which will affect a male’s ability to monitor females and detect intruding males 
(van Schaik & van Hooff 1983; Dunbar 1988; Altmann 1990; Mitani et a l 1996); 
(iv) presence or absence of male coalitionary behaviour to gain access to females 
(Terborgh 1983). For a detailed discussion of the “monopolisation hypothesis” 
see Chapter 5.
Female group size was greater at Kakamega in Kenya (Cords et al. 1986) than at 
Cape Vidal (Lawes pers. comm, for the C.mitis troop described in Henzi & Lawes 
1987, this study) (Table 2.4) which could mean that the Kakamega troop was less 
monopolizable than those at Cape Vidal, so that extratroop males were able to 
access fertile females. Other than this, however, an examination of Tables 2.4 and
5.3 reveal no obvious differences in the above parameters in the different 
populations studied, where information on the reproductive success of troop and 
extratroop males is available. Clearly, longitudinal data are required from several 
populations in order to determine the factors responsible for the geographical and 
temporal variation in the mating system of Cercopithecus mitis.
Summary
In many primate species, alternative strategies for securing mating access to 
females have been reported. In samango monkeys, males compete for residency in 
unimale troops where they defend females against other males, although 
extratroop males may sneak copulations with troop females opportunistically.
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This chapter examines the costs and benefits of these two options for samango 
males in an attempt to determine whether they represent alternative strategies 
yielding equivalent lifetime reproductive success, or if the extratroop male 
component is simply a tactic followed by males who are unable to follow the 
resident troop male strategy because of their age or physical condition. 
Observations support the latter of these hypotheses, since extratroop males 
achieved negligible mating success compared with residmt troop males, higher 
quality males tended to become troop males, and tenure of a troop was not given 
up without a very serious fight. AH these observations suggest that while males 
have the potential to increase their lifetime reproductive success while not 
incumbent in a troop, males aspire to being resident males at Cape Vidal. 
Comparison with other studies of C.mitis indicate interpopulation variation in the 
behaviour and relative mating success of troop and extratroop males. It is 
suggested here that ecological and demograpWc factors are likely to affect the 
costs and benefits of these two male strategies.
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Chapter 5.
The Number of Males in Samango Troops 
Introduction
Primate groups vary widely in the number of adult males they contain, some 
species showing a tendency to live in multimale groups while others have a 
modally unimale group structure, and many authors have attempted to explain this 
variation. Crook & Gartlan (1966) suggested that predation and feeding 
competition were the causal factors, and these ideas were developed by Aldrich- 
Blake (1970) and Denham (1971). These authors suggested that multimale groups 
evolved where predation risk was high and that many males provided better group 
defence. Unimale groups, on the other hand, were expected to occur in arid 
environments, where food was likely to be scarce, so that it would benefit females 
to have only one male in their group (who could inseminate all of them) in order 
to reduce feeding competition. This argument, however, is not supported by more 
recent field data on the habitats of multimale and unimale groups (Newton 1988). 
Furthermore, it has been noted by Clutton-Brock and Harvey (1977) and van 
Schaik and van Hooff (1983), that group selection is implied by this hypothesis, 
and the conditions under which group selection could operate are unlikely to be 
found in primates (Maynard-Smith 1976), although if females can control group 
structure then individual selection could be operating.
Because of their greater investment in offspring, females are the limiting resource 
for male reproduction in most primate species (Trivers 1972). Several authors 
have suggested that primate group structure is the result of males distributing 
themselves in a way that gives them optimal access to fertile females, which itself 
will depend on the way females are dispersed (Emlen & Oring 1977; Clutton- 
Brock & Harvey 1977; Wittenberger 1980; Wrangham 1980; Dunbar 1984) and 
will ultimately come down to the ease with which a male can monopolise a group 
of females (van Schaik & van Hooff 1983; Dunbar 1988; Newton 1988). Ridley 
(1986) framed this hypothesis in terms of the number of synchronously receptive 
females, suggesting that primate groups showing seasonal breeding should have
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more males associated with them than groups who breed year round: the shorter 
the period in which mating takes place, the higher the likelihood of synchronously 
receptive females, and the more difficult a male would find it difficult to defend 
access to these females from other males. He found support for this idea in an 
analysis of data from 33 primate species. Ridley’s approach was criticised by 
Altmann (1990) who argued that the available data suggest that female group 
size, rather than birth seasonality, is the primary determinant of the number of 
males in primate groups. Altmann’s assertions were supported by an analysis by 
Mitani et al. (1996) which tested between these two hypotheses using a 
comparative method to control for the potentially confounding effects of 
phylogeny. There is evidence however, suggesting that breeding seasonality could 
have an effect on the monopolisability of females at intermediate group sizes 
(Andelman 1986; Altmann 1990). Both the number of females in a group and the 
degree of breeding seasonality can affect the number of synchronously receptive 
females.
Several other factors could potentially affect the monopolisability of female 
groups. These include (i) the operational sex ratio, as this will affect the general 
level of competition among males for troop residence, with higher ratios raising 
the costs of defending females; (ii) population density and home range size, as 
these will affect the ease with which a male can move opportunistically from one 
troop to another in search of mating opportunities, and therefore the relative 
profitability of being a long term resident in one troop versus a roving extratroop 
male (Srivastava & Dunbar 1996); (iii) female group dispersion, and the degree of 
visibility in their environment, which will affect the resident male’s ability to 
detect extratroop males and their interactions with females (van Schaik & van 
Hooff 1983; Dunbar 1988); and (iv) presence or absence of male coalitionary 
behaviour to gain access to females (Teiborgh 1983). Qualities of individual males 
are likely to affect their ability to monopolise females (see Chapter 4), and the 
strategies of females themselves will also be important if females are able to 
manipulate male membership of their groups.
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The hypothesis that the presence of many males in a primate group is influenced 
by the presence of receptive females, is supported by observations of some 
modally unimale group taxa, who sometimes experience influxes of several adult 
males into troops during the mating season. These include Hanuman langurs, 
Presbytis entellus (Laws & Yonder Haar Laws 1984) and several guenon species; 
blue or samango monkeys, Cercopithecus mitis (Tsingalia & Rowell 1984; Cords 
et al. 1986; Henzi & Lawes 1987), redtail monkeys, Cercopithecus ascanius 
(Cords 1984; Struhsaker 1988; Jones & Bush 1988) and patas monkeys, 
Erythrocehus patas (Chism & Rowell 1986; Harding & Olson 1986; Ohsawa et 
a l 1993; Chism & Rodgers 1997).
The purpose of this chapter is to examine data on a South African population of 
C.mitis, looking at the factors determining the numbers of males associated with 
groups of females. The chapter will describe and quantify the pattern of male 
association with three troops of samango monkeys over two years and will 
attempt to elucidate the factors determining the occurrence of multimale influxes 
by:
(a) investigating the effect of the total number of adult females, and the number of 
fertile females and proceptive females in troops, on the number of males 
entering the troop;
(b) examining the behaviour and relationships among adult and sub-adult males 
both outside and within troops to look for evidence of male coalitionary 
behaviour in gaining access to females; and
(c) discussing the reasons for variation in male association with troops among 
different populations of C.mitis.
Methods
Three habituated troops (A, B and C) of samango monkeys were observed at 
Cape Vidal (28°05’35”S, 32°33’40”E) between January 1995 and February 1997. 
For a full description of the study site, systematic data collection techniques, and 
data collection schedule see Chapter 2.
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Male behaviour and association patterns
During troop follows, association of extratroop males with the troop and their 
behaviour and interactions with troop members were recorded on an ad libitum 
basis. Focal animal samples were conducted on adult males associating with 
troops and while travelling alone or in all-male groups during the 1996 mating 
season. Additional data on extratroop male behaviour and association with troops 
were collected during surveys and opportunistic sightings where instantaneous 
records of males’ behaviour and associates were collected. For a full description 
of data collected, see Chapter 2.
Multimale influxes into troops are defined by a number of criteria and follow 
those of Cords (in press) in her descriptions of multimale influxes in troops of 
C.mitis stuhlmanni at Kakamega, Kenya, (figures given here in parenthesis 
represent those given by Cords (in press)): (i) the proportion of days during the 
mating season when more than one adult male is present in the troop should be 
relatively high (50 - 70%); (ii) the maximum number of males associating with the 
troop in a single day should be relatively high (8); (iii) the mean number of males 
associating with the troop per day should be relatively high (1.9 - 2.4); and (iv) 
while resident troop males regularly chase extratroop males in non-influx years, 
they seem to relax this intolerance during influxes.
Female reproductive behaviour and its effect on male association patterns 
In this chapter the words “receptive” and “proceptive” are used to describe female 
behaviour; receptive meaning that they will accept mounts by certain males but 
not necessarily all males, and proceptive indicating that females are actively 
soliciting matings from males {sensu Beach 1976).
Measuring the number of potentially fertile females in troops:
Two measures of the number of potentially fertile females in troops were made. 
Firstly, given that previous studies have indicated that the interbirth interval for 
C.mitis generally exceeds 12 months and that the typical interval is two to three 
years (Cords & Rowell 1987), the number of adult females in each troop without
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surviving infants from the previous birth season, plus any nulliparous females 
observed to mate, was used as a measure of the number that could potentially 
conceive in the mating season. A second, post hoc measurement of fertility was 
made by counting the number of females who subsequently gave birth. The 
relationship between the two calculated values for the number of fertile females in 
troops using these measures was examined, as were the relationships between 
these measures of female fertility and the mean number of males associating with 
the troop per day during the mating seasons.
Measuring the number of proceptive females in troops:
For the purposes of analysis, females were scored as being proceptive on days 
when they were observed to constantly follow and groom an adult male for 
extended periods, or present to, pout at or headflag at an adult male from within a 
metre of him (if these behaviours occurred at beyond Im of the male it was felt 
they could have had an appeasement function). The number of proceptive females 
in each troop, and the number of males associating with each troop were tallied 
for each day the troop was followed, each day being considered statistically 
independent in this regard. For the three study troops, the relationship between 
number of proceptive females per day observed and the number of males 
associating with the troop during the 1996 mating season was examined. Data 
from the 1995 mating season were not included in this analysis as not all of the 
females could be individually recognised so that it was impossible to obtain 
accurate numbers of proceptive females.
Results
Male association with study troops
The 1995 mating season was characterised by a relatively small number of 
extratroop males in the study area and around the study troops (Chapter 4; Figure 
4.2) and no multimale influxes were observed. The maximum number of males 
(troop or extratroop adult and sub-adult males) associating with A and B troops 
was four. For C troop the maximum was one, i.e. none but the resident troop
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male was observed within 10m of troop adult females (Table 5.1). In A and C 
troops, the rate of observed matings was extremely low (Table 4.3), levels of 
proceptivity in females were extremely low (see below), and the resident troop 
males had a low rate of mating (Table 4.3). Mating behaviour in B troop in 1995 
contrasted strongly with this. B troop experienced a male replacement at the 
beginning of May 1995 (the beginning of the mating season). The new male, 
AMSH, was infanticidal and killed at least three of the infants in B troop in his 
first few months of tenure (see Chapter 6). Females in B troop exhibited a high 
degree of proceptivity; a maximum of 6 proceptive females on any one data 
collection day compared with a maximum of 1 proceptive female for the other 2 
troops. These maximum figures are given here as a comparison of the level of 
proceptivity in troops, since not all troop females could be individually recognised 
during the 1995 season, meaning that in general, the numbers of proceptive 
females per day would have been underestimated, and a mean value would also 
produce an underestimate. In spite of the high level of proceptivity among B 
troop females, very few extratroop males were seen near B troop. The females’ 
observed proceptivity was directed solely at AMSH.
In contrast, the 1996 mating season was characterized by a relatively large 
number of extratroop males around the study troops, particularly A troop 
(maximum number of males associating with troops per day: A=7, B=5, C=2, 
Table 5.1). Troop A experienced a multimale infiux in 1996 (as defined in the 
methods section); the troop had more than one male associating with it for nearly 
90% of the mating season observation days, and included 3.58±1.50 (mean±SD) 
associated males (Table 5.1). The A troop resident male, AMB, became unable to 
defend his troop females from other males and over time became less likely to 
attempt to chase males from the troop.
Eight females in B troop and nine females in C troop became receptive over the 
1996 mating season, but although extratroop males were observed close to these 
troops (Figure 4.3) only the resident troop males were ever observed to mate with 
the troop females. Females in B and C troop were not observed to sexually solicit 
extratroop males and, in fact, on the only three occasions when such males were
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Table 5,1. Various measures of male (including resident troop males and extratroop males) 
association with study troops during the mating season (Ivfay to November inclusive) on days 
when observer contact with the troop exceeded two hours. Values given are minimum numbers 
of males per troop per day, maximum numbers of males per troop per day, percentage of days 
when more than one male associated with the troop, and the mean number of males associating 
with the troop per day. “Association” is defined as being within 10m of a troop adult female 
who herself is within 10m of other troop members
Troop No. Days Min no.Males Max no. Males % Days >1 Male MeaiublSD no.Males
1995
A 20 1 4 10.00 1.20±0.70
B 34 1 4 14.70 1.26±0.75
C 23 1 1 0.00 l.OOiO
1996
A 57 1 7 89.47 3.58±1.50
B 28 1 5 35.71 1.71±1.21
C 18 1 2 38.89 1.39±0.50
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Fig 5.1. Mean number of proceptive females and mean numlxr of males associating with each 
troop per day where observer contact >2 hours females; shaded bars, and males; open bars)
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observed to approach C troop females, the females headbobbed at them and made 
aggressive vocalizations. Troop A had a larger maximum number of proceptive 
females per day (ten females became proceptive, max = 6 in one day compared 
with 4 for the other two troops) and a larger mean number of proceptive females 
per day during the mating season than the other two troops (A troop mean±SE = 
2.49±0.20, B troop mean±SE = 1.78±0.23, C troop mean±SE = 1.17±0.23). At 
the beginning of the mating season, A troop females solicited two outside males, 
AMF and AMD, and were observed to travel several hundred metres from their 
troop to do so. These two males took up residence in A troop during the mating 
season, and other extratroop males were observed to associate with the troop (see 
Chapter 4 for details). During the 1996 mating season, A troop females and 
juveniles split up into subgroups, with different females following and being 
followed by different males. Once AMD and AMF had taken up residence in A 
troop however, the only females observed to associate with the original resident, 
AMB, were non-receptive. Over the period when this subgroup formation took 
place, there were generally two or three subgroups of A troop females. Data are 
not available to fully quantify the size and composition of these subgroups over 
time, however, it is known that the membership of these was not consistent over 
the mating season.
During surveys in the 1995/1996 non-mating season (N = 39) extratroop adult 
males were observed 20 times and extratroop sub-adult males nine times. During 
1996 mating season surveys (N = 44), extratroop adult males were observed 70 
times, and extratroop sub-adult males four times. Extratroop males in the non- 
mating season were never observed in association with troops during surveys, but 
during the 1996 mating season, extratroop males (52 adult cases, 0 sub-adult 
cases) were in association with troops during 70% of cases.
Male-male association patterns and alliances
Males who were not permanent resident troop males, spent some of their time 
associated with troops during the mating season as described above, but existed 
mostly as extratroop individuals, travelling either solitarily or in the company of 
other male(s) in all-male groups (see Chapter 4 for a more detailed description).
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This study provides tentative evidence to suggest that males may be able to 
benefit through their previous relationships in all-male groups in gaining access to 
female troops. Five resident male replacements were known to take place in study 
troops and neighbouring troops during the study period, where the usurper male 
had been observed previously. In all of these cases, the usurper males had 
previously associated with others in an all-male group as opposed to being 
solitary. However, for extratroop males generally the chances of being solitary are 
relatively high: if the number of months where different adult males were observed 
as solitary, or as members of all-male groups are totalled, the percentage in each 
category is 40.8% for lone males, and 59.2% for all-male group members (see 
Chapter 4, Table 4.2). None of the usurper males except for AMD was ever 
observed to be solitary before their troop takeovers, and in AMD’s case he was 
observed as a lone male in two months and all-male group member in five months 
(28.6% and 71.4% of samples respectively). Hence, it appears that successfiil 
male replacements are more likely to come fi-om all-male groups than might be 
predicted by chance selection fi-om the distribution of males between all-male 
groups and solitaries. The presence of confounding variables leading to this effect 
cannot be ruled out however. For example, if younger, stronger males associate 
together in groups and older, weaker males who are unable to challenge a resident 
troop male are more likely to be solitary, this could explain the observed pattern 
of male takeovers, regardless of any cooperation between males.
None of the takeovers were observed directly so it is not known to what extent, if 
any, the usurper males were aided by their all-male group associates, except for 
the case of AMX’s takeover of A troop fi'om AMD. In this case several of 
AMX’s previous associates were observed being aggressive towards AMD, 
although this aggression was not clearly coordinated in any way. In the case of the 
minor multimale influx in A troop in the 1996 mating season; the two males who 
took up residence in the troop, AMD and AMF, had previously been seen 
together on five occasions (first on 24/10/95) before the mating season, as part of 
an all-male group. AMD became the dominant troop male of A troop but was 
never observed to show aggression towards AMF, although he was aggressive
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towards the original resident male, AMB, and towards other males who entered 
the troop. It is possible that AMD’s tolerance of AMF stemmed from their 
previous association.
On two other occasions, extratroop males were observed to form aggressive 
coalitions against a troop male, although these did not result in takeover. In these 
cases two adult male members of two different all-male groups alternately chased 
a troop male, and were chased by him in return.
Female reproductive behaviour and its effect on male association with troops
(a) Number of potentially receptive females in troops
The timing of observations of new bom infants indicate that samango monkeys 
generally had an interbirth interval of greater than 12 months and only 
occasionally did they bear infants in subsequent birth seasons if the previous infant 
survived its first year (Table 5.2). This is in agreement with other studies of C. 
mitis (Tsingalia & Rowell 1984; Cords & Rowell 1987). The number of females 
in troops without surviving infants is positively associated with the number of 
births in the next birth season, suggesting that these females did indeed tend to 
become fertile, although the P  value is just greater than the requisite 0.05 value 
for statistical significance (r, = 0.71, N=6, P=0.058, one-tailed). However, neither 
of these variables are correlated with the mean number of males entering the troop 
per day during the mating season, or with the likelihood of a troop male 
replacement (Table 5.2), (for number of births in next season versus number of 
males entering troop, rs = 0.09, n = 6, F  = 0.434, one-tailed, and for number of 
females without surviving infants versus number of males entering troop, rs = 
0.54, n = 6, P  = 0.133, one-tailed). Neither is the total number of females per 
troop correlated with the number of males entering, rs = -0.06, n = 6, P  = 0.457, 
one-tailed.
(b) Number of proceptive females in troops
During the mating season, female samangos actively solicited sexual interaction 
with adult males. In A troop, which had a high degree of female proceptivity
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(Figure 5.1), the number of proceptive females per day was significantly 
correlated with the number of males associating with the troop each day (r* =
0.61, n = 68 days, P  <0.001, two-tailed) suggesting that synchrony of proceptivity 
in females is associated with a higher level of male association with female troops. 
In A troop, females directed their proceptive behaviour to males other than the 
original resident troop male, specifically to AMD and AMF, and three A troop 
females were seen to behave proceptively towards the C troop resident male, 
AMS. In B troop there was a moderate and significant correlation between 
number of proceptive females and associating males (r, = 0.4, n = 35, jP = 0.017, 
two-tailed) and in C troop there was no correlation (r, = 0.21, n = 21, f  = 0.353, 
two-tailed). In troops B and C, the females were observed directing proceptive 
behaviour towards their troop male only, in spite of the fact that other males 
sometimes approached and followed the troop. In A troop, which experienced a 
multimale influx, all but one of the adult and sub-adult females (n = 11) were 
observed to show proceptive behaviour, although only three of these gave birth in 
the subsequent birth season. The exception was a female with an infant fi’om the 
previous season, AFS, and she was the only female that was observed to spend 
time near and groom the original resident male, AMB. In B troop, seven out of 
eight females were observed to show proceptive behaviour (with three subsequent 
births) and in C troop, seven out of nine females were observed as proceptive 
(with eight subsequent births).
Discussion
Why do multimale influxes happen only in some years in some troops?
Several authors have suggested that the number of males associated with primate 
groups is likely to depend on the number of females or the number of 
reproductively active females in the group (Andelman 1986; Dunbar 1988; 
Altmann 1990; Mitani et al. 1996). However, the data presented here on samango 
monkeys at Cape Vidal suggest that male entry into troops is not contingent on 
the number of females in the group, nor even the number of fertile females in the
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troop. The number of males associating with a troop bore no relation to the 
number of females without dependent infants in the troop nor the number of 
females who gave birth subsequently. The same effect was found in two groups of 
C.mitis over an 18 year period at Kakamega by Cords (in press) using the same 
criteria as the present study for calculating the number of potentially fertile 
females. Henzi & Lawes (1987), on the other hand, did find that subsequent to a 
multimale influx, females bore more infants than they had in the previous, non- 
influx year, although their study was based on a single troop and a comparison 
between just two years. In their study of redtail monkeys, (Cercopiihecus 
ascanius), Jones & Bush (1988) found no relationship between the number of 
nonresident males and the number of fertile females in a group, this number being 
based on absence of dependent mfants. For the most part then, data firom this and 
other Cercopiihecus studies, indicate that the number of males entering troops 
during the mating season, is not related to fertility.
In the present study, in the birth season subsequent to the 1996 mating season, C 
troop females produced nine new infants which was by far the highest number of 
all the study troops that year, yet C troop had the lowest level of extratroop male 
association during the mating season and no extratroop males were observed to 
sexually interact with C troop females. In fact C troop showed the lowest level of 
mating and proceptive female behaviour generally. A troop, on the other hand, 
had a high level of proceptivity in 1996, but produced only three infants in the 
subsequent birth season. It seems, therefore, that male entry into troops is 
dependent at least in part on female behaviour. Male association with troops 
increases with the number of synchronously proceptive females, particularly 
where proceptive behaviour is directed at extratroop males. Proceptivity, 
however, is not necessarily related to fertility. This raises the possibility that 
females may sexually solicit males in order to manipulate male behaviour and 
residency in their troops. Females are also able to make their troop more difficult 
to monopolise by a single male by splitting up into semi-independently travelling 
subgroups, as shown by the behaviour of A troop females in the 1996 mating 
season. Aldrich-Blake (1970) also observed troops of blue monkeys to split into 
subgroups for hours at a time, reuniting later, although this behaviour has not
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been reported since, until the present study. Multunale mfluxes then, appear to be 
at least partly contingent upon female behaviour, although there is some evidence 
that previous association in all-male groups may facilitate the co-residence of 
males in troops. The possibility of the reverse situation cannot be ignored; that 
females may become more proceptive as a result of more males associating with 
their troop (Cords et al. 1986). Observations here, however, suggest that female 
proceptivity came first, since two A troop females at the begmnmg of the 1996 
mating season were observed to travel far from their troop and solicit extratroop 
males, before these males were observed to be associated with the troop. Once 
extratroop males perceive a weakness in the resident male’s tenure because of 
solicitation of outsiders by females, many males may be attracted to the troop in 
search of mating opportunities, and/or the opportunity to takeover residency.
Why do females sometimes behave in a way which attracts new males into their
troops?
Solicitation of extratroop males was observed in A troop in 1996, but not in B or 
C troops, in spite of the fact that extratroop males were observed attempting to 
enter these troops. One possible explanation is that females in A troop solicited 
new males as a strategy for inbreeding avoidance. While B troop had new resident 
males in the 1995 and 1996 mating seasons, A and C troops had the same males in 
residence (AMB and AMS, respectively) at the beginning of the 1996 mating 
season as they had had at the beginning of observations in early 1995 (Figure 4.1). 
It is possible that AMB had held tenure in A troop for a number of years and 
perhaps had the potential to be mating with his own daughters. Another reason 
why a female might choose a novel male as a mating partner might be to make 
sure she has different fathers for her offspring, so that in case one sire is 
genetically deficient in some way, she is not putting all her eggs in one basket. 
Small (1993) suggests that the prime motive for a female choosing to mate with a 
novel male may be to ensure conception, since such a male is likely to be more 
sexually motivated with what for him will be a novel female. Ensuring conception 
is likely to be particularly important for females living in a unimale group system, 
for the additional reason that if several females are sexually receptive at one time, 
there may simply not be enough sperm to go round, as has been described for
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Hanuman langurs, Presbytis entellus (Sommer 1989). In this case it may benefit 
females to solicit additional males. Some support for this is given by observations 
of competition among females for access to males during the mating season (see 
Chapter 3). All of these hypotheses, however, are rendered implausible in this 
case by the lack of correlation between proceptive behaviour in females and their 
fertility.
An alternative explanation for female proceptivity towards new males is that 
females may solicit extratroop males if their resident male looks weak in relation 
to the others, since if the resident is usurped, then the females risk their infants 
being killed by the incoming male (Efrdy 1977; this study. Chapter 6). This risk 
could apply to infants already in the troop or those to be sired during the mating 
season in question. In this case it may benefit females to avoid mating with the 
resident male, and mate with likely usurpers, and/or to confuse paternity by 
mating with several males. In the case of the A troop multimale influx in 1996, the 
females who initially solicited extratroop males did not have infants, so it would 
seem unlikely that they were motivated by immediate infanticide avoidance, 
however, two of the three females who had dependent infants in the troop were 
observed to mate with the new males once these had infiltrated the troop, even 
though these females did not subsequently give birth (see Chapter 6 for a more 
detailed discussion of this topic).
Why is there variation in the occurrence o f multimale influxes among different
populations o f C.mitis?
From the above discussion, it would appear that variation in populations in the 
incidence of multimale influxes is likely to depend on the extent to which females 
sexually solicit extratroop males, which could possibly depend on infanticide risk 
(see next chapter for a detailed discussion of this) and is also likely to depend on 
the ability of a resident troop male to defend access to proceptive females. Many 
factors have been suggested as affecting the monopolisability of groups of females 
by males. Here, data are compared among different studies of C.mitis (Table 5.3), 
with the degree of monopolisability being measured by the percentage of mating
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Table 5.3. C.mitis Interpopulation comparison of parameters potentially affecting the 
monqx)lisability of female groups by males
She
(Author)
Cape Vidal 
South Africa 
(Lawes 1991; 
pers. comm; 
Henzi & Lawes 
1988)
Kakamega 
Kenya 
(Cords 1987; in 
press)
C ^ e  Vidal 
South Africa 
(this study)
Ngogo Kanyawara 
Uganda Uganda 
(Butynski 1990) (Butynski 1990)
Muhimale influxes % 
mating seasons
50% 21% 17% RARE* NEVER*
Females per troq) 9.5 15 9 12 9.5
Ratio of extratroop males 
to  troops
1.0 1.0-2.0 1.2 0.9 - 2.6 0.01 - 0.04
Mean ratio of males to 
females 
(troops and extratroop 
males)
- 0.16 0.24
0.23 0.11
Birth Rate'’ 
(births/aduh-female/year) -
0.42 0.49 0.42 0.2
Birth Seasonality' 
(months) -
9 4 d d
Population density (per 
km2)
202 169 334 7 56
Home range size 
(hectares)
15 37.75 11 300-350 36
Extratroop male grouping
solitary/all-male
groups
solitary/all-male solhary/all-male 
groups groups
solhary solhary
Troop mating seasons 
observed (no. troops)
2(1) 80(5) 6 (3 ) 6 (1) 40(8)
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® Figures for numbers of years when extratroop males entered troops are given in Butynski 
(1990), but number of seasons where multimale influxes took place (as deflned by Cords, in 
press) are not. Values given here are in agreement with those given in Cords (in press). For all 
other values, data for Kanyawara and Ngogo come from Butynski (1990).
 ^Birth rates do not exclude infants that died in their first year, since what we are concerned 
with here is the extent to which females are likely to be synchronously receptive and therefore 
their monopolizability. The Kakamega birth rate has been derived as the interbirth interval 
reported in Cords’ (in press) Table 3.
® Birth seascBi is defined following Butynski (1988) as “a discrete period of the year to which 
most or all births are confined”.
Data on birth seasonality are unavailable for Kanyawara and Ngogo, but Butynski (1988) gives 
a figure of 10 months for birth seasonality at Kibale Forest, Uganda, of which both Kanyawura 
and Ngogo are part.
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seasons where multimale mfluxes occur. As sample size is small and there is 
undoubtedly error in many of these measurements, especially in the density of 
extratroop males, statistical analyses have not been attempted. Instead the general 
relationship between the incidence of multimale influxes and other parameters is 
examined to determine whether any general trends are apparent.
1. It is hypothesised that the ability of a male to monopolise a female group is 
affected by the number of females in groups (Newton 1988; Dunbar 1988; 
Altmann 1990; Mitani et al. 1996), but the data in Table 5.3 give little support to 
this idea, as the number of females in groups does not appear to decrease with 
monopolisability.
2. The monopolisability of a female group has also been hypothesised to be 
affected by birth seasonality (Ridley 1986) as this may affect the number of 
simultaneously sexually receptive females in the troop, with a shorter season 
tending towards greater synchrony. The interbirth interval or birth rate, is also 
expected to have an effect on the number of females in a troop who become 
receptive at the same time; the greater the birth rate, the higher the likelihood of 
simultaneously receptive females. While the data available on birth seasonality for 
the different C.mitis populations are not sufficient to determine whether this is an 
important factor in the incidence of multimale influxes, it does appear that the 
birth rates presented here do show the expected trend; birth rates are more than 
twice as high in the populations showing multimale influxes than in the population 
where such a phenomenon has not been observed. This is not consistent with the 
earlier assertion that fertility is not related to the number of males entering troops. 
However, it is possible that a higher birth rate would increase females’ propensity 
to act proceptively towards males (e.g. increased chance of infanticide risk), 
thereby reducing the monopolisability of the female group by a single male.
3. Male-male competition as measured by the operational sex ratio is likely to 
have an effect on the monopolisabiUty of females, as this will affect the general 
level of competition for troop residence, raising the costs of being a troop male 
(Rubenstein 1980; Butynski 1982). Examination of data in Table 5.3 indicates that
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observations of multimale influxes are restricted to populations where the ratio of 
extratroop males to troops is greater than one, although the relationship is not 
very convincing. When the adult male / adult female ratio data are compared there 
is no apparent relationship, since at Kakamega, where multimale influxes are 
frequent, the ratio is relatively low.
4. Where the opportunity cost of searching for troops containing proceptive 
females is high, then extratroop males may be expected not to travel between 
troops and converge on areas of high proceptive female density, but to stay in one 
area waiting for the opportunity to take over a local troop (Srivastava & Dunbar 
1996). The search cost is likely to depend on population density and home range 
size: high population density and small home range size are likely to facilitate male 
mobility between troops and increase the likelihood of convergence. Values in 
Table 5.3 are consistent with this hypothesis: Population density is high and home 
range size is small in the three populations where multimale influxes are common, 
although when comparing the values of Ngogo and Kanyawara in Uganda, these 
are the reverse of what would be expected.
5. Males could potentially facilitate their access to females by behaving 
cooperatively and might do this by forming alliances based on previous 
relationships (Terborgh 1983). In baboons, Papio spp., males have been observed 
to increase their access to receptive females by forming coalitions (Hall & DeVore 
1965; Packer 1979). In C  mitis we would expect this to be more likely where 
extratroop males associate in all-male groups, where they have the potential to 
foster intermale relationships, rather than living solitary lifestyles. This is the case 
in Hanuman langurs, where males in all-male groups have been observed to 
cooperatively oust resident males from troops (Sommer 1988). The data here for 
C.mitis support this; the three studies where multimale influxes are most frequent 
all indicate that extratroop males were observed in all-male groups as well as 
solitary. Data from the present study indicate that males may increase their access 
their access to females through previous association in all-male groups, although 
there is no evidence of highly coordinated coalitionary behaviour among males.
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6. The dispersion of female groups and the visibility levels in their habitat is likely 
to affect their monopolisability since it will affect the ease with which the resident 
male can detect intruding males (van Schaik & van Hooff 1983; Dunbar 1988). 
Unfortunately, there are insufBdent data on these parameters to make a 
comparison between populations.
These data indicate that various measures of monopolisability, namely the 
likelihood of simultaneous receptivity in troop females, the level of male-male 
competition, the cost to males of locating troops containing proceptive females, 
and the potential for male coalitionary behaviour, could all potentially contribute 
to the likelihood of intrusion by multiple males into troops during the mating 
season, and account for the variation in this among populations. The hypothesis 
that the number of females in groups determines the likelihood of male intrusion, 
is not supported here. It is clear, however, that more long-term data from more 
sites are needed to provide conclusive results.
Summary
Primate groups vary widely in the number of adult males they contain and this is 
hypothesised to be affected by the ease with which males can monopolise the 
groups of females. In guenons, a unimale group structure is the norm, however in 
some guenon taxa, including samango monkeys, multimale influxes occur during 
some mating seasons in some troops. This chuter examines the factors affecting 
the occurrence of these influxes, and what causes variation among years and 
among populations. The data suggest that male entry into troops was not 
contingent on the number of females in the group nor even the number of fertile 
females in the group, but on the number of females actively soliciting sexual 
interaction with males. Such proceptive behaviour in females was not correlated 
with fertility, raising the possibility that females may have been sexually soliciting 
males in order to manipulate male behaviour and residency in their troops. A 
comparison of data among populations of Cercopiihecus mitis suggests that the 
likelihood of multimale influxes may be affected by the birth rate for troop 
females, by the level of male-male competition as measured by the operational sex
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ratio, by the distance between groups of females as measured by population 
density and home range size, and by the opportunity for males to form alliances in 
order to enter troops. However, more longitudinal data from several sites are 
needed to test these hypotheses conclusively.
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Infanticide in Samango Monkeys 
Introduction
The killing of infants by adult males has been observed in several primate species 
and a number of hypotheses have been proposed to account for this behaviour 
(for reviews see Hrdy 1979; Struhsaker & Leland 1987). These include the sexual 
selection hypothesis (Hrdy 1974, 1977, 1979; Hrdy et a l 1995), the “accidental 
death” hypothesis (Mohnot 1971; Bartlett et al. 1993; Dolhinow 1994; Sussman 
etal. 1995), the social pathology hypothesis (Dolhinow 1977; Curtin & Dolhinow 
1978; Boggess 1979), the resource competition hypothesis (Rudran 1973, 1979), 
and the exploitation hypothesis (Sugiyama 1965; Angst & Thommen 1977). While 
some of these hypotheses may be valid in particular primate populations, all but 
the first two have been either refuted by subsequent observations or have been 
shown to be unsatisfactory in explaining infanticidal behaviour by males across the 
primate order (e.g. see Hrdy, 1977, 1979; Ripley 1980; Butynski 1982; Newton 
1986). Consequently this chapter will discuss in detail only the sexual selection 
hypothesis and the hypothesis that infant killing occurs incidentally as a 
consequence of high aggression levels.
The sexual selection hypothesis has been the most widely cited in explaining the 
infanticidal behaviour of male primates after a troop takeover. This hypothesis 
treats infanticide as an evolved behaviour and has received support fi'om 
observations of species fi'om five of the six primate radiations (Hrdy et a l 1995). 
The hypothesis proposes that males kill unweaned infants after taking over a 
troop, thus terminating lactational amenorrhoea in the mothers and allowing the 
males to mate with the mothers sooner than would otherwise have been possible, 
thus giving the infanticidal males a greater chance of reproductive success. If this 
hypothesis is true then the following criteria should be met (Hrdy 1977): (i) males 
should not kill their own offspring or other close relatives, (ii) infanticidal males 
should sire the next offspring of the females who were the mothers of their 
victims, (iii) the mother’s interbirth in te rv ^ ^ u ld  be shorter than it would have
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been had the infanticide not occurred, (iv) female counterstrategies to prevent the 
killing of their infants are expected, and (v) infanticide should, on average, 
increase the infanticidal male’s reproductive success.
The sexual selection hypothesis has received criticism from several authors. Curtin 
& Dolhinow (1978) and Boggess (1979) suggested that infanticide is a 
pathological behaviour occurring in areas of high population density, and attribute 
infant killing to incidental aggression during periods of heightened male 
aggression. The sexual selection hypothesis came under renewed criticism by 
Bartlett et al. (1993) and Sussman et al. (1995) who sought to refute it on a 
number of points. Firstly, they claimed that because of the lack of information on 
the subsequent reproductive success of infanticidal males, there is little support 
for the notion that the behaviour increases a male’s reproductive success. In only 
a small proportion of observed cases is there strong evidence that the infanticidal 
male sired the subsequent offspring of the infant deprived female. Secondly, they 
claimed that the available information comes mostly from a single primate species, 
the Hanuman langur (Presbytis entellus), so that we cannot assume that the 
phenomenon is widespread throughout primates. Thirdly, they propounded that 
the target of male aggression is often unclear, as many so called infanticidal 
attacks involve the male attacking a mother who has a clinging infant, suggesting 
that the mother rather than the infant may be the real target of male aggression. 
Finally, they claimed that the majority of infanticidal attacks take place during an 
aggressive male takeover of a group so that it is most parsimonious to suggest 
that infant death is an incidental consequence of high aggression levels. This 
hypothesis is referred to as the “accidental death” hypothesis in this chapter.
The first aim of this chapter is to provide the first descriptions of infanticidal and 
associated behaviours in Cercopiihecus mitis erythrarchus (the samango 
monkey). These observations are used to test the accidental death hypothesis and 
the sexual selection hypothesis for infant killing by males in primates.
Several factors are predicted to affect the profitability of infanticidal behaviour for 
males and assuming infanticide is an evolved behaviour, these will affect the
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likelihood that it will take place. Social structure is one such factor affecting the 
cost-benefit balance of infanticidal behaviour (Newton 1988). Infanticide should 
be more likely to take place when a new male takes up residence in a unimale 
troop as opposed to a multimale group, for two reasons. One is that in a 
multimale group there may be many potential sires willing to defend infants 
against in&nticidal males, thus making infanticide a potentially costly behaviour. 
Secondly, if we assume that the resident male in a unimale group sires a greater 
number of offspring than an average male in a multimale group, then the chances 
are greater that an infanticidal male taking over a unimale troop will be able to 
subsequently sire offspring of the females whose infants he kills.
The level of competition among males for access to females is also predicted to be 
an indicator of the likelihood that infanticide will take place (Leland et al. 1984). 
A number of authors have used population density as a measure of competition 
among males for females (Eisenberg et al. 1972; Rudran 1973, 1979; Hrdy 1974, 
1979), but as Butynski (1982) points out, the ratio of males to females in a 
population will provide a more direct index. The number of extratroop males per 
bisexual troop should give an indication of the level of male-male competition and 
greater competition is expected to result in more frequent troop male 
replacements and therefore shorter tenures. This is predicted to increase the 
incidence of infanticidal behaviour in two ways (Leland et al. 1984): (i) With 
more frequent takeovers, more males will have the opportunity to commit 
infanticide and (ii) with shorter tenures, males are under greater pressure to 
commit infanticide in order to enhance their reproductive opportunities. Chapman 
& Hausfater (1979) mathematically modelled the reproductive consequences of 
infanticide in Hanuman langurs, examining the effects of male tenure length, 
timing of takeover in relation to female fertility cycles, and female interconception 
intervals. Their model found that infanticide always confers an advantage on the 
resident male in a bisexual troop under conditions of subsequent replacement by a 
non-infanticidal male. Under conditions of subsequent replacement by an 
infanticidal male, on the other hand, infanticide is found to be advantageous for 
the resident male only at particular lengths of tenure, that is, those that do not 
lead to replacement at the times when his own offspring are vulnerable to
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infanticide. However, what the Chapman & Hausfater paper does not point out is 
that given that on average, infanticidal males have greater reproductive success 
than non-infanticidal males, we should expect infanticidal behaviour to be 
selected.
The profitability of infanticidal behaviour will also be constrained by the 
seasonality of breeding in the population concerned. If females have a long 
breeding season, an infanticidal male can potentially mate earlier with a female by 
terminating her lactational ammenhorea. Conversely, if females mate during only a 
brief period in the year, then the male will have to wait until that time to mate 
with a female, regardless of whether he has killed her infant or not. In cases where 
females do not bear offspring in every birth season, an infanticidal male of a 
seasonally reproducing species may still gain by increasing the chances that a 
female will conceive in the next mating season. Interbirth interval then, as well as 
breeding seasonality, is important in determining when and whether it is profitable 
for a male to commit infanticide.
A secondary aim of this chapter then, is to examine the factors that determine how 
profitable infanticidal behaviour is for males, and those that affect the likelihood 
of its occurrence.
Whether or not male infanticidal behaviour is adaptive, infanticide has a major 
effect on the reproductive success of males and females whose offspring are 
killed, as well as the obvious impact on the infant itself. It has been suggested that 
infanticide risk has been a major force in the evolution of primate social systems 
and in particular, male-female association (van Schaik & Dunbar 1990; van Schaik 
1996). Permanent male-female association is relatively rare in mammals, but in 
diurnal primates occurs in almost all species (van Schaik 1996). In primate species 
living in unimale troops and having seasonal breeding (such as most guenon 
{Cercopiihecus) species) there has been debate as to why a male should stay 
resident in a troop outside of the mating season (Henzi & Lawes 1988). 
According to van Schaik’s (1996) hypothesis this is largely driven by the need for 
males to protect infants they have sired from attack by other males. Consequently,
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the final aim of this chapter is to examine the behaviour of one such species, the 
samango monkey, to determine whether or not infanticidal behaviour and male 
residence patterns can shed light on the question of male-female association.
Methods
Data were collected on three troops (A, B, and C) of samango monkeys at Cape 
Vidal, South Afiica (28°05’35”S, 32°33’40”E) between January 1995 and 
February 1997. Additional observations on these and neighbouring troops were 
made by other observers until July 1997. For a full description of the study site 
and data collection methods, see chapter 2.
During the first few months of the study it was impossible to accurately determine 
the age/sex class composition of the study troops because of difficult observation 
conditions. A program of trapping and tagging for individual identification (see 
Chapter 2) was implemented beginning in April 1995 and over the following few 
months the composition of each troop was determined as the majority of animals 
could be individually recognised. However, during the early part of the first 
observed mating season, most adult females could not be identified, and it is not 
known how many infants there were originally in study troops A and B (which has 
important implications for interpreting data on the incidence of infanticide, and 
behaviour of the victims’ mothers). In C troop every adult female was observed to 
have an infant at the end of the first birth season in April 1995. The resident troop 
males could be recognized in all three troops at an early stage, i.e. before the 1995 
mating season (see Table 6.1).
A full description of behavioural data collection, and definitions of behaviour 
categories are given in Chapter 2. Infanticidal and associated behaviour was 
recorded on an ad libitum basis, using a dictaphone in the field. As much 
contextual information as possible relating to infant attacks was gathered. Data on 
mating and proceptive behaviour analysed in this chapter were collected in a 
systematic, quantitative manner during focal sampling of adult males. These
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behaviours are defined and described in Chapter 3. During the birth season, the 
presence or absence of infants was recorded for each adult female each day their 
troop was contacted (during systematic sampling, censuses and opportunistic 
contacts) to maximise the accuracy of birth date estimation in order to examine 
interbirth intervals. Births occurring in March 1997 after termination of the main 
study period were recorded by K. Chapman. The male membership in study 
troops and neighbouring troops was noted during each troop contact, in order to 
monitor changes in troop male tenure.
Results
Troop male tenure and replacement
From the beginning of the study in January 1995 until the end of all observations 
in July 1997, seven troop male replacements are known to have taken place within 
six troops (Table 6.1; Figure 6.1). Given the time periods for which the identity of 
the resident male was known for each troop, this gives an overall rate of 0.6 
replacements per year per troop (Table 6.1). One of these replacements occurred 
when AMSH, resident male of B troop, was shot by the Parks Board. If the rate 
of male replacement is calculated excluding B troop, the rate is 0.53 per year. 
Actual tenure length is known for only three males since all other observed troop 
males were either already in residence when observations began, or maintained 
their tenure beyond the end of observations (Figure 6.1). There follows a 
description of male replacements in the three study troops.
A troop:
AMB was the first recognised resident male in A troop and it was possible to 
identify him by natural markings by 3/2/95. He maintained tenure throughout the 
1995 mating season and the following birth season. During the 1996 mating 
season, in May, AMF began associating with A troop, as did AMD in June. By 
late June 1996, both AMF and AMD were full time residents in A troop, while 
AMB remained associated with the troop. During the following mating season 
months (July - November) there was much aggression among these males and all
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Table 6.1. Dates between which the identity of the resident males of each troop are known, and 
the number and rate of resident male replacements (if B troop is excluded from the analysis, the 
rate of male replacement per year is 0.53 ; see text)
Troop First Date Last Date No. Days No. Replacements
A 03/02/95 17/07/97 895 2
B 25/04/95 15/07/97 812 2
c 31/03/95 19/07/97 841 0
D 24/06/95 07/02/97 594 0
E 09/10/95 24/07/96 289 1
P 27/04/95 19/07/97 814 2
Total Days 
Total Replacements
Rate of Replacement per Year per Troop
4245
7
0.60
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three sustained injuries, although AMB suffered by far the most severe of these. 
By December 1996 he had disappeared from the troop and was not seen again. 
AMF had also left by the end of 1996, although he still occasionally associated 
with the troop during January 1997. AMD was then left as the sole resident male. 
In the 1996 mating season, other males were observed to follow A troop (see 
Chapter 4) although they did not reside within it as constantly as the males 
mentioned so far. The male residence patterns in A troop in the 1996 mating 
season may be viewed as a minor multimale influx (see Tsingalia & Rowell 1984; 
Cords et a l 1986) and a gradual male replacement (Chapter 5). No infanticides 
took place in A troop during this gradual male replacement.
The tenure of AMD came to an end on 21/3/97, when an aggressive takeover 
took place (Chapman, pers. comm ). AMX, the alpha male of a 6-12 member all­
male group, took over tenure of A troop. Several members of the all-male group 
were responsible for aggression against AMD. During the takeover, AMD was 
badly wounded, and was unable to walk due to a broken fbrelimb. He was shot by 
a KZN-NCS officer as a mercy killing, but is certain to have died naturally 
anyway. AMX maintained tenure in A troop until the end of observations of the 
troop on 17/7/97. No infanticides were observed during March 1997 although 
attempted attacks by AMX on infants were observed (Chapman, pers. comm ). 
The fate of infants in A troop after this time is unknown.
B troop:
The first observations of B troop took place on 25/4/95. AM02 was the resident 
male and was observed on four separate days hence when the troop was 
contacted. On 2/5/95 a new male, AMSH, was observed in B troop, and AM02 
had disappeared and was not seen again. On the first day he was observed as a 
troop male, AMSH had minor, fresh injuries, suggesting the takeover had been 
aggressive. At least three infants were killed by AMSH in the first three months 
after his takeover. AMSH maintained tenure in B troop until 17/4/96. On this date 
he was shot dead by a KZN-NCS officer. By 27/4/96 a new male, AMN, had 
taken up residence in B troop. He had very minor new injuries. One infant was 
killed on that first day. Over the subsequent week, females began to rest near him
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and groom him more and more frequently. AMN remained the resident troop male 
in B troop until the last observations of the troop on 15/7/97.
C troop:
AMS was the resident male when the C troop male was first identified in March
1995 until the last observations of the troop in July 1997.
D troop:
AMJ was the resident male when the D troop male was first identified in June
1995 until the last observations of the troop in February 1997.
£  troop:
AM15 was first recognised as the E troop resident on 9/10/95. By 7/5/96 he had 
been replaced by AMM, who on several previous occasions had been observed in 
an all-male group with three other males. AMM maintained tenure until the last 
observations of E troop on 24/7/96.
P troop:
AMI was first recognised as the P troop male on 27/4/95 and maintained tenure 
until 24/8/95 when AMC took over. AMC had previously travelled with another, 
smaller male and a juvenile male. By 7/7/97 AMC had been replaced by AMT 
who was still with the troop when observations o f?  troop ceased on 19/7/97.
Infanticides and associated behaviours
The major events associated with infanticidal behaviour are described here (for 
summary see Table 6.2). All observations are the author’s unless otherwise stated. 
All infanticidal behaviour described in the following paragraphs occurred in B 
troop. Attacks on infants by AMX were witnessed in A troop after his takeover 
from AMD in March 1997 (Karen Chapman, pers. comm.) but detailed 
descriptions are not available. In all observed cases of such behaviour in A troop, 
adult females, or coalitions of adult females, successfully rebuffed attacks on 
infants by AMX.
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Table 6.2. Summary of observed infanticidal events
Date Troop Male ID Event
03/05/95 B AMSH First observed infanticide by AMSH after he took up 
residence in B troop. The infant was cannibalized
20/07/95 B AMSH Attack on infant and possible infanticide by AMSH
21/07/95 B AMSH Two infanticides by AMSH. One body was recovered. 
It was a female of approximately four months old
May-Oct
1995 B AMSH Several attençted attacks on infants by AMSH
27/04/96 B AMN Suspected infanticide of 3 month old male infant by AMN
March-April
1997 A AMX Atten^ted attacks on infants by AMX
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3/5/95
This is the day following the first sighting of AMSH as the resident male of B 
troop. I had no contact with B troop on 3/5, but was given the following account 
of events in the troop fi*om a reliable observer in the campsite, and the report was 
corroborated by two other observers. At around 10.00 am there were signs of 
agitation in B troop. Females were making click and chirp vocalizations 
(consistent with general alarm) and many individuals were running around in the 
trees. This carried on until 10.00, when the screaming of an infant was heard. An 
adult male (AMSH) charged out of the forest and into tall trees in the public 
campsite holding an infant of approximately four months old in his mouth. AMSH 
was pursued by an adult female who attacked him briefiy. AMSH climbed to the 
top of a tall tree and the infant dropped to the ground. During this time the troop 
were still in the thick forest apart fi-om AMSH, the infant, and the adult female. 
The infant at this point was still alive but unable to use its lower limbs. AMSH 
descended to the ground, picked up the infant and carried it in his mouth into the 
canopy. When he reached the same height as the female, the female rushed at him 
again. AMSH pushed past the female and bit into the infant’s abdomen, ripping it 
open. He dropped the infant to the ground. Now the infant was clearly dead: The 
body wall was ripped, exposing viscera and the backbone which was broken. 
AMSH descended to the ground again and began to eat the infant. He spent 
several minutes ripping it apart and ate most of the soft parts, leaving the head 
and limbs. The remains of the infant were not recovered and the sex of the infant 
is unknown. It was not possible to identify the adult female who had been 
involved. Leaving the infant’s remains on the ground, AMSH climbed up the tree 
and joined the rest of the troop in the thicker forest where they had stayed 
throughout the proceedings.
04/05/95 - 07/05/95
Over the following days observations were concentrated on B troop. The adult 
females of the troop appeared nervous of AMSH, being quick to move out of his 
way as he approached, although this effect lessened over each successive day. At 
the same time, at least some females approached, presented to him and copulated.
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Figure 6.2. Infanticidal male, AMSH, who killed at least three infants in B troop during the 1995 
mating season
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They often appeared to have conflicting motivations, and females were observed 
to approach, present, and then run away as AMSH tried to mount. However, he 
was observed to mate successfully several times during the day after the 
infanticide (2 .6  mating bouts per hour of focal observation) and on subsequent 
days. Females groomed AMSH. Competition among females to groom AMSH 
and to mate with him increased over the few days following the infanticide and by 
days three and four females were supplanting and chasing one another, apparently 
for mating or grooming access to AMSH. During this time, females with clinging 
infants avoided AMSH, except for two occasions when one such female 
approached within about 4m of AMSH, made an exaggerated present posture and 
immediately ran away (of 505 instantaneous focal samples of AMSH during the 
week following the infanticide, adult females without infents were observed in 
proximity (within Im) to him 76 (15.0%) times, while there are no records of 
females with infants being in proximity to AMSH). On one occasion, a young 
juvenile of around one year old (sex unknown) was observed making an 
exaggerated present to AMSH from 0.5m away. The observed matings in the days 
following the infanticide were the first observed in the 1995 mating season in any 
of the study troops.
12/05/95
08.32 B troop was contacted in trees in the public campsite. I could see AMSH 
feeding with two adult females nearby. AMSH became vigilant, looking in the 
direction of some other B troop monkeys in trees about 50m away. AMSH 
descended and moved quickly on the ground towards one of these trees. As he 
did so an adult female rushed up to him, vocalizing aggressively and ran around 
him lunging towards him without actually making contact. AMSH continued 
towards the tree. There were several adult females (at least four) in the vicinity, 
making alarm and aggressive vocalizations towards him. AMSH climbed the tree 
and entered the canopy. Screeching was heard and AMSH was observed chasing 
a young infant (approximately three months old) down to the end of a branch and 
the infant dropped to the ground from a height of 5m. The infant ran off. AMSH 
descended and ran towards the infant but three females ran over and got between 
him and the infant, making aggressive vocalizations at him. They attacked him and
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he ran off a few metres. A juvenile approached the infant who was standing alone 
on the ground at the edge of the forest, but it resisted the juvenile’s attempts to 
pick it up. Again, AMSH ran along the ground towards the infant but several 
females ran around him making aggressive vocalizations. Three females lunged at 
him in concert, at least one making physical contact. At this point the infant was 
still on the ground and had three older infants round it. Adult females remained 
around AMSH for a while watching him. An adult female approached within 4m 
of him, faced away with her tail vertically erect, and ran away from him in that 
position. About ten minutes after he had chased the infant in the tree, AMSH 
walked away from the females in the direction from which he originally 
approached them. He climbed into a tree and immediately an adult female 
approached him and successfully mated with him. It is not known if this female 
was involved in the aggressive incident. Neither the infant, nor the adult females 
involved in the incident could be individually recognised, since by this point none 
of the B troop monkeys had been tagged.
20/07/95
16.25 AMSH was feeding on fiuit in a tree at the edge of the campsite. An adult 
female approached and headflagged at him. Screeching and aggressive female 
vocalizations were heard and AMSH shot out of the tree and into a thicker patch 
of forest with an infant in his mouth, and several adult females running after him. 
A lot of “chirping” could be heard, consistent with general alarm. I followed but 
lost AMSH.
16.30 I found AMSH again. He was sitting in a tree 2m off the ground, but with 
no infant in sight. He moved a few metres, looking towards the ground and 
followed by one adult female. He charged through the tree and the adult female 
remained nearby and both of them were looking down on the ground. AMSH and 
the rest of the troop moved off through the forest towards their usual sleeping 
area without any more unusual incidents. I made a search of the area to see if I 
could find the body of a dead or injured infant but found nothing. However, the 
undergrowth was thick and the light fading so it is easily possible that I could 
have missed a body, had there been one.
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21/07/95
10.00 An infanticide was observed by three people in forest adjacent to the public 
campsite. AMSH attacked an infant. He bit into the back of its neck and shook it, 
bit it again then dropped the body. The infant had been with a group of other 
infants and young juveniles previously. The observers did not see any adult 
females in the vicinity and did not see any other monkeys get involved after the 
attack had begun. The campers gave the body to the rubbish collectors and it was 
not recoverable.
21/07/95
Afternoon. A second infanticide by AMSH on this date was observed by a camper 
in trees close to where the one earlier in the day had been seen. This time the body 
was recovered fi-om the ground where it had fallen. The body belonged to the one 
infant (INFK) who, by that point, had been trapped and marked for identification 
with its mother (AFK). It was a female of approximately four months old. Her 
spine was broken, there was a large gash through the body wall across the back 
and wounding to the back of the neck (Figure 6.3). Subsequent examination of 
the skull revealed two holes at the back, consistent with having been made by 
adult male canines.
23/07/95
AFK (the mother of INFK killed two days previously) approached AMSH. He 
seemed to rebuff her at first and then eventually she approached again and started 
grooming him. Shortly afterwards she approached him while headflagging and 
pouting and he headflagged briefly too. Then she presented to him very briefly. 
He did not respond and then she groomed him again. This was the first time I had 
seen AFK sexually present to AMSH or any other individual.
07/08/95
The first observation of AFK mating with AMSH took place (two weeks after he 
killed her infant). This was the first time AFK had been seen mating with any male 
since observations on B troop began on 25/04/95.
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Figure 6.3. INFK, one o f  A M S H ’s infanticide victims; a female o f  approximately four months old, (a) 
ventral view, and (b) dorsal view
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15/10/95
AMSH was sitting in the understorey and I heard some screeching and AMSH 
rushed towards AFB and attacked her. She had been chasing and attacking him 
along with two other adult females and a juvenile female. AFB’s infant was 
nearby, and was the only infant left in the troop at this point. AFB was sitting Im 
from AMSH for about 20 seconds, then she looked at him, moved away slightly 
and presented to him from 2m. He didn’t respond and she moved away fiirther. I 
cannot be certain that the aggressive behaviour involved AFB’s infant, but the 
observed behaviour is consistent with this.
27/04/96
This is the first day I observed B troop after the removal of AMSH, and the first 
day I observed AMN in the troop as resident male. I accounted for all the adult 
females of the troop with their infants except for AFK, who, when I saw her for 
the first time was not carrying her infant. J2FT, a juvenile female (bordering on 
sub-adulthood), however, was nearby, carrying a small infant which I assume 
belonged to AFK.
16.38 I saw the new male, AMN, attack an individual. Because vegetation was 
obscuring my view, I could not see who it was or the exact nature of the attack, 
but I saw him lunge towards another monkey, and screaming ensued. As I got 
closer I could see that the other monkey was AFK and she was holding her infant 
ventrally. J2FT was nearby. On closer examination, I saw that AFK’s infant was 
dead.
16.44 AFK had been grooming the dead infant for a few minutes. Between 16.44 
and 17.40 when observations ceased due to darkness, I watched AFK with her 
dead infant. AFK often groomed the body and periodically left it lying on a branch 
to feed nearby on acacia leaves. J2FT remained with AFK and sometimes carried 
and held the infant’s body. At one point, AFK dropped the body and J2FT 
immediately descended to the ground to retrieve it.
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28/04/96
I contacted B troop at first light and found AFK with the dead infant. She moved 
off and the infant dropped to the ground and I recovered the body. The infant was 
male and aged two months. It had no apparent wounds and the cause of death 
was unknown. The neck was broken but since it had been dropped fi-om a great 
height at least twice after death this is not surprising. It is not possible to state 
with certainty that AMN was responsible for the death of the infant but it seems 
highly likely. AMN was not observed to attack any infants subsequently, although 
he was observed chasing an adult female with an infant on 30/04/96.
30/05/96
AFK mated with AMN. This was the first sexual behaviour observed from AFK 
since the death of her infant (INMK) one month previously. AFK was the first 
female in B troop to become sexually receptive in the 1996 mating season, except 
for SAFM, a nuUiparous, subadult female. All the other adult females in the troop 
had surviving infants from the previous birth season.
Reproductive behaviour in troops
(a) Mating behaviour and success
In the 1995 mating season, AMSH, the infanticidal male of B troop, clearly had a 
higher rate of mating success during focal samples than the non-infanticidal 
resident males of the other two study troops (0.40 successful mating bouts per 
hour for AMSH, versus a rate of zero for the other two males; Figure 6.4a). In 
the 1996 mating season, AMN (who is suspected of killing one infant in B troop) 
had a higher mating rate (0.58 successful bouts/hr) that season than the other 
males who were non-infanticidal. AMS (resident of C troop) and AMF (a new 
male in A troop) achieved moderate success (0.16 bouts/hr and 0.17 bouts/hr 
respectively; Figure 6.4b ). AMD, although he became the sole resident male after 
the end of the mating season, had a rather low rate of mating success (0.06 
bouts/hr). AMB, who was gradually ousted by AMD and spent much of the 
mating season on the periphery of A troop achieved no observed mating success
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Figure 6.4. Rates c f observed successful matings per hour during focal samples for troop males 
in (a) the 1995 mating season, and (b) the 1996 mating season. Solid bars denote infanticidal or 
suspected infanticidal males; medium shading denotes “new" males in their first mating season 
in residence in the troop they were observed in; open bars denote other resident males. AMS 
and AMB were classed as “other resident males ” in both years
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during focal samples. Taking data for both mating seasons together, infanticidal, 
or suspected infanticidal males had a significantly higher rate of successful mating 
than other troop males; = 34.30, df = 1, f <0.001 (statistical analyses were 
performed on counts as opposed to rates of behaviour).
Rates of proceptive behaviour by females towards the troop males showed a 
similar pattern to that of mating success in 1995 (Figure 6.5a): AMSH was 
sexually presented to at a very high rate during focal samples (4.25 presents/hr) 
while in the other two troop males’ focal samples, no female proceptivity was 
observed. In the 1996 season, however, the pattern was more complicated (Figure 
6.5b). The pattern was similar to that of mating success in 1996, except that 
AMD had a far higher rate of being presented to (3.37 presents/hr) than did AMN 
(1.21 presents/hr) (or indeed any other male), the reverse of the situation for the 
rate of mating success. This could be partly explained by AMD’s apparent 
ineptitude at mating. He appeared far less able to achieve a successful mount than 
other males and responded to harassment by juveniles by terminating the mount 
more often than other males (see Chapter 3 for details of mating harassment). 
This resulted in females having to present to AMD many times over during a 
mating bout in order to achieve a successfiil mating. When data for both mating 
seasons are taken together, infanticidal males had a significantly higher rate of 
being sexually presented to by adult females than did non-infenticidal males; ~ 
95.25, df = 1, f <0.001 (statistical analyses were performed on counts of 
behaviour).
The sexual presents in these calculations are based on presents within 1 metre of 
the male. Females sometimes presented to males from beyond this distance 
(19.8% of presents to AMSH, n = 212; 1.0% of presents to AMD, n = 95; 0% for 
all other sampled males) but it cannot be assumed that the fimction of these 
presents was to solicit mounting since the male would have to approach the 
female first in order to do so. Females presenting from beyond Im often did so in 
a very exaggerated manner. Only AMSH, the infanticidal male, and AMD, the
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Figure 6.5. Rate of sexual presents by adult females to troop males during male focal samples 
in (a) the 1995 mating season, and (b) the 1996 mating season. Solid bars denote infanticidal 
or suspected infanticidal males; medium shading denotes “new” males in their first mating 
season in residence in the troop they were observed in; open bars denote other resident males. 
AMS and AMB were classed as “other resident males ” in both years
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male who took up tenure in A troop were presented to in this way, in the 1995 
and 1996 mating seasons respectively.
As well as presents by adult and subadult females, yoimg juveniles and infants 
sometimes made exaggerated present postures towards adult males. This usually 
happened at a distance of between 3 metres and 6  metres from the adult male 
(always greater than 1 metre). AMSH, AMN and AMD were all observed to be 
postured at in this way, although during focal samples this has only been recorded 
for AMD: such behaviour was observed 15 times during AMD’s focals in the 
mating season of 1996, giving a rate of presents by young juveniles (jl) and 
infants of 0.46 per hour of focal sampling.
Some females showed proceptive behaviour at times when they could not have 
been fertile. It was not possible to track individual female proceptive periods 
completely since each troop was observed for only a few days per month. 
However, judging by the last dates on which each female was observed to show 
proceptive behaviour before parturition (Table 6.3) it is clear that many females 
showed post-conception proceptivity. In 1995 every adult female in B troop 
(n=7), the troop experiencing infanticide, was observed to show post conception 
proceptivity while none of the females that became pregnant in A troop (n=5) or 
C troop (n=l) did so. In 1996 all pregnant A troop females (n=3) were observed 
to show postconception proceptivity, and in B troop and C troop, one in three 
and one in seven respectively did so. Troops containing infanticidal males or 
newly immigrated males (B troop in the 1995 and 1996 seasons, and A troop in 
1996) had a significantly higher proportion of females showing postconception 
proceptivity, than troops containing established males during a given mating 
season; = 15.48, df = 1, f <0.001 (statistical analyses were performed on 
counts of females showing postconception proceptivity).
(b) Births and Inter-birth intervals
Births for each female occurring in the three study troops over three birth seasons 
(November to February inclusive; see Chapter 3) were recorded or inferred (Table
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Figure 6.6. Percentage of troop females bearing infants in (a) the 1995/96 birth season, and (b) 
the 1996/97 birth season. Solid shading denotes troop with infanticidal or suspected infanticidal 
resident males; medium shading denotes troop with new resident males in the last mating 
season; and no shading denotes troops with other males. Actual numbers of females who gave 
birth are given
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6.3). Given that observations began in January 1995 for troops A and C, and in 
April 1995 for B troop, the appearance of new infants was not witnessed for the 
1994/95 birth season and numbers of births in 1994/95 have been estimated on the 
basis of the numbers of surviving infants seen in troops. Their birth dates have 
been estimated where possible based on their weights and their mothers have been 
assumed on the basis of suckling records (where the adult female involved could 
be individually recognised). Since all of the eight adult females in C troop had 
infants from the beginning of observations, eight infants were certainly bom in the 
1994/95 birth season, assuming there were no emigrations. For A and B troops, 
not all of the females had infants and only a minimum number of infants bom in 
the 1994/95 season can be given (the total number of infants in each troop at the 
beginning of the study is unknown - see methods). In A troop the 10 adult females 
had a minimum of six infants, based on the number of infants of that cohort 
surviving until they could be identified and censused accurately. In B troop, the 
seven adult females had a minimum of four infants; based on the observations of 
at least three infanticides in B troop, and only one infant remaining at the end of 
the infanticidal period.
Interbirth intervals have been calculated where the dates of consecutive births are 
known; they have been estimated where the date of one birth is known and one is 
inferred from weight data; and a minimum interbirth interval value is given where 
only one of these values is available but the female failed to give birth in the 
following season (Table 6.3). Sixteen IBI values are shown. Where a female’s 
previous ofrspring survived, females tended not to give birth in the following birth 
season, and in no such case was the interbirth interval less than 12 months. Only 
in three cases did females give birth in consecutive seasons where their previous 
offspring had survived; two of these were in B troop, the troop of both 
infanticidal males, and one in C troop. Of the eight infants that are known to have 
died or disappeared (and assumed to have died), three are known to be victims of 
infanticide and one is suspected of being so. Of these four victims, two were 
identified and both had the same mother, AFK. The interbirth intervals of AFK 
following the birth of the infanticide victims are seven months and 11.5 months. 
Of the four mothers of the other known infants that died, one disappeared at the
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same time as her infant, two failed to produce offspring in the subsequent birth 
season, so that their interbirth intervals would be at least two years, and the other 
had a subsequent interbirth interval of 11.5 months. At least two other 
(unidentified) infants died through infanticide but the identities of their mothers 
are unknown.
Based on numbers of females in the study troops and the number of births which 
occurred in the study troops during the 95/96 and 96/97 birth seasons, a birth rate 
of 0.50 births/female/season has been calculated. If births to mothers whose 
infants fi’om the 95/96 season had died are excluded, the birth rate becomes 0.46 
births/female/season. These figures underestimate the effect that infent mortality 
has on birth rate, since the number of infants who were bom in the 94/95  birth 
season and died in their first year is unknown and cannot be taken into account in 
the calculation of birth rate. If known interbirth intervals are compared between 
those occurring where the previous infant died and those occurring where the 
previous infant survived using the Mann Whitney test, it is apparent that infant 
mortality has a significant negative effect on length of interbirth interval; U = 27, 
= 3, A^2 = 9, P  = 0.01, two-tailed.
In the 1995/96 birth season, every B troop female produced an infant, while in the 
other two troops much smaller percentages of the troops’ females gave birth 
(Figure 6 .6 a). Based on the premise that females rarely give birth in consecutive 
seasons if the first infant survives, we would expect few if any births in C troop, 
since all adult females in that troop had surviving infants from the year before. 
However, B troop, where infanticides took place, had a much higher birth rate 
than expected based on births the previous year: At least four females had given 
birth in the previous birth season, but all seven B troop females gave birth in the 
95/96 season and it is highly likely that this was affected by mortality due to 
infanticide.
In the 1996/97 birth season, although C troop had the highest birth rate (Figure 
6 .6b) both A and C troops had fewer offspring than expected based on a two year 
interbirth interval (A troop: expected = 5, observed = 3; C troop: expected = 8 ,
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observed = 7), while B troop, where the suspected infanticide occurred, had more 
(expected = 1, observed = 3) (Table 6.3; see also Table 5.2, Chapter 5).
Assuming a gestation period of 140 days (Rowell 1970), all conceptions resulting 
in observed births, occurred within the tenure of the male who was resident in the 
troop at the time of the birth, with the exception of AFD’s conception of her 
infant bom on 18/11/96. This infant must have been conceived before AMD was 
classed as resident male of A troop (on 15/7/96) but still he may have sired the 
infant since he was observed to associate with A troop females before that date 
(AFD had not been observed to mate with any male before that date in 1996).
Discussion
Here, observations of samango monkey behaviour are used to test between the 
accidental death hypothesis for infant killing in primates and the sékual selection 
hypothesis. Next, the various factors predicted to affect the likelihood of 
infanticide are examined to determine whether these are upheld in samango 
monkeys, and to look at the adaptive value of infanticide for the perpetrators. 
Finally, the idea of infenticide as a driving force in the evolution of male-female 
association is explored.
Is infanticide an evolved behaviour?
Opponents of the sexual selection hypothesis have suggested that infant killing by 
adult male primates is a non-adaptive behaviour which occurs incidentally during 
periods of escalated aggression (Curtin & Dolhinow 1978; Bartlett et al. 1993; 
Dolhinow 1994; Sussman et al. 1995). These authors have suggested that in 
Hanuman langurs at least, infants often place themselves in danger by their own 
actions such as clinging to their mothers during attacks on the latter, or being 
attracted to action and excitement.
Two aspects of behaviour surrounding infant killing have been cited to suggest 
that infanticide is simply an epiphenomenon of aggression. These are:
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1. Most infant killing occurs during periods o f escalated aggression, fo r instance 
during aggressive male takeovers.
This premise is not supported by the observations of samango monkeys. 
Infanticidal behaviour and attacks on infants by AMSH in B troop were observed 
for four months after he took up residence in the troop. During this time the only 
major aggression observed in the troop was associated with AMSH’s attacks on 
infants. Such prolonged aggressive behaviour towards infants after takeover has 
been observed in other primate species. Butynski (1982) reports personal 
communications fi'om Rudran which indicate that redtail (Cercopithecus 
ascanius) and red howler (Alouatta seniculus) infanticidal males killed infants for 
30 days and 35 days respectively after entering the group. A Hanuman langur 
male killed infants for 63 days after troop takeover (Sugiyama 1965). The 
suspected infanticide in B troop by AMN in this study in April 1996, took place 
when AMN was established as the resident troop male, and there was no sign of 
any other aggression fi-om AMN at this time. In A troop in the 1996 mating 
season where the most prolonged period of, and highest level of aggression was 
observed, no infanticidal behaviour was observed.
2. Attacks by males are often directed at adult females rather than the infants 
themselves suggesting that infants are not the real object o f aggression.
Again this premise is not supported by the observations of samango monkeys. 
Males were rarely observed to attack adult females, and infants were observed to 
be attacked only when not in contact with adult females. Observations strongly 
suggest that the attacks on infants, at least by AMSH, were entirely deliberate.
The hypothesis that infant killing occurs “by accident” during periods of 
heightened aggression, is thus not supported by observations of samango 
monkeys in this study. However, many of the assertions by the proponents of the 
“accidental death” hypothesis for infanticide are based on weaknesses of support 
for the sexual selection hypothesis.
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If the sexual selection hypothesis is true, and infanticide by adult male primates is 
an adaptive strategy, several conditions should be met:
1. The infanticidal male should typically not kill his own offspring or close 
relatives.
Neither the infanticidal male, AMSH, nor the suspected infanticidal male, AMN, 
were resident in the troop when the infanticide victims were sired. Resident troop 
males are usually the only males to achieve significant mating success in their 
troops (see Chapter 4) and males emigrate fi-om their natal troops at around 
puberty (Cords 1987b; this study Chapter 7), so it is unlikely that the infanticidal 
males were related to their victims.
2. There should he potential fo r the infanticidal male to sire the victim's 
mother's next infant.
Both the infanticidal male and the suspected infanticidal male mated with all of the 
victims’ mothers and were the only males observed to do so, except for a single 
occasion when another male mated in B troop during AMSH’s tenure, although 
the female he mated with was not necessarily an infanticide victim’s mother. 
These females all gave birth in the subsequent birth season, and so the infanticidal 
males potentially could have, and probably did sire these offspring.
3. The removal o f a dependent offspring must, on average, allow the mother to 
become fertile and sexually receptive earlier than i f  her infant had not been 
killed.
Observed and estimated interbirth intervals in samango monkeys were usually 
approximately two years or more (Table 6.3) and where the previous offspring 
survived, the interbirth interval was never less than 12 months. Infant mortality 
was associated with significantly reduced subsequent interbirth intervals. In both 
cases of infanticide where the identity of the victim and its mother were known 
(INFK and INMK; the mother was AFK in both cases), the subsequent interbirth 
intervals were the shortest recorded in this study (approximately 11.5 months and 
7 months). AFK was observed to mate with AMSH, and with AMN very soon 
after the death of her infants INFK and INMK respectively. Given the fact that
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her interbirth intervals were relatively short, it is reasonable to assume that she 
became fertile and sexually receptive sooner than she would have done if her 
infants had survived. The same is likely to be true of the mothers of AMSH’s 
other unidentified victims, since eveiy adult female in B troop became receptive 
and mated with AMSH in the mating season during which he killed infants.
4. Female counterstrategies are expected.
If the tendency to commit infanticide after takeover is an evolved behaviour we 
should expect that females will also have evolved behaviours to avoid the costs of 
losing their offspring (Hrdy 1977). Mohnot et al. (1986) reported abortions by 
females after troop takeover in Jodhpur Hanuman langurs, and this has also been 
described for gelada baboons, Theropithecus gelada (Mori & Dunbar 1985) and 
captive hamadryas baboons, Papio hamadryas (Comenares & Gomendio 1988). 
The suggestion is that females were terminating investment in offspring that 
would otherwise be killed by the new male. There is no evidence of such 
behaviour in samango monkeys. However, Hausfeter (1984) listed several 
additional ways in which females could potentially avoid the costs of losing their 
infants to infanticidal males:
(i) Active defence of infants; in various primate species, females have been 
observed to actively defend their offspring against aggression fi-om males, e.g. 
Hanuman langurs (Hrdy 1977); redtail monkeys (Struhsaker 1977); blue monkeys, 
Cercopithecus mitis stuhlmanni (Butynski 1982). Whether or not females are 
likely to do this will depend on the level of cost a female is prepared to bear in 
order to defend her infant. This may itself depend on the level of sexual 
dimorphism in body size of the species, since this will affect the power differential 
between males and females and therefore the ability of females to defend infants. 
Samango monkeys show a very high level of sexual dimorphism (see Chapter 3) 
but adult females were still observed to actively defend their infants fi-om attack 
by males. They made use of coalitions among themselves, and indeed, the defence 
of infants, or of older juvenile males who were being driven out by the resident 
male, were the only instances where female coalitions were observed in the 
context of intragroup aggression.
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The use of coalitions by females to defend infants suggests kin selected behaviour 
or reciprocal altruism, since some of the females will not be defending their own 
infant. It is difficult to know how effective such female defence is; all but one 
infant in B troop was killed. However, one infant may have been saved by female 
defence, and this behaviour was certainly successful in defending infants during 
observations of individual attacks (e.g. see observations on 12/5/95). Such female 
alliances in response to infanticidal males have also been reported for Hanuman 
langurs (Mohnot 1971; Hrdy 1974), red howlers (pers.comm. from Rudran, cited 
in Butynski 1982), and redtail monkeys (Struhsaker 1977). However, while these 
defensive coalitions may have been successful in delaying infanticide, they may not 
have prevented it. However, Butynski’s (1982) observations of blue monkeys in 
Uganda indicate that female coalitions were effective in defending several infants 
until the infanticidal male had left the group.
A female would seem to be putting herself at considerable risk by attacking or 
standing in the way of a male of twice her weight, suggesting that the benefits 
could also be high (i.e. survival of her infant). This raises the question, why do 
females not defend their infants every time? In one of the infanticidal attacks 
described, there were no adult females around to defend the infant. It could be 
that for an adult female samango, it is simply too costly to spend 100% of her 
time watching over her infant. Although Hrdy’s (1977) observations of Hanuman 
langurs suggest that females make great efforts to protect their offspring from 
infanticidal males, it has been suggested by both Hausfater (1984) and ffiraiwa- 
Hasegawa (1988) that females of this species do not put up much of a fight 
against males to defend their infants from attack. These authors suggest that as 
well as being at greater risk than the males from a fight, females may actually have 
less to gain from the successful defence of their infant than the male stands to gain 
from its death. This assertion is based on the premise that a female can produce 
another infant, but the male may never have the chance to gain access to females 
again, so this is his one chance in life to reproduce. This theory seems implausible, 
however, since the outcome of conflicts of interest depend not only on the relative 
benefits for each party (otherwise predators would never catch any prey) but also
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on the motivation or power of each to achieve its goals. Males can simply wait for 
that one moment of maternal inattention to attack an infant. The relative costs and 
benefits of infanticide to males and females present a complex issue which is likely 
to depend on several factors, such as the number of females in the troop and the 
proportion of these which have unweaned infants, the age of the potential 
infanticide victims, the likelihood that a given female will be able to bear another 
infant (which will depend on her age, health, environment, etc.) and the average 
tenure for a resident male.
(ii) Emigration of mothers and infants from groups where risk of infanticide is 
high; this can only happen if females have somewhere else to go and is not likely 
to be feasible where female philopatry is the norm. In guenons, females remain in 
their natal troops to breed (Cords 1987b) and observations of samangos in this 
study are consistent with this. Although a female samango with an infant 
disappeared from one of the study troops she did so under circumstances when 
there was no risk of infanticide. It is assumed that both she and her infant died. 
There is no evidence in samangos that females emigrate in order to avoid 
infanticide.
(iii) Manipulation of the timing of male replacement; if females are able to 
influence male entry into their troops, it would be to their advantage to permit 
entry at a time when their offspring are at an age when they are not vulnerable to 
infanticide. This study suggests, however, that in most cases of troop male 
replacement, the females did not directly influence the timing of takeover, and that 
this was largely a function of competition between the males themselves.
In one troop (A troop) in one mating season (1996) however, the females did 
appear to influence male entry into the troop. Some females sexually solicited two 
extratroop males (AMD and AMF) and these eventually became incorporated into 
the troop. Receptive females followed and sexually solicited these males and not 
the original resident male within the troop home range. At this time, several 
females in the troop had young infants and were therefore vulnerable to 
infanticide, so it would seem in this case that females had not manipulated male
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entry in a way which minimized infanticide risk. However, it should be noted that 
not all females in this case necessarily had the same priorities; only three females 
out of nine had infants and only females without dependent infants sexually 
solicited the new males initially and facilitated their entry into the troop. Females 
without infants could be acting selfishly in attracting potentially infanticidal males 
into the troop since they may be deliberately putting the infants of their troop 
mates at risk, thus helping to reduce future resource competition for their own 
offspring. This would seem an unlikely explanation, however, since females in 
samango troops are likely to be closely related.
An alternative hypothesis is that if there are potentially infanticidal males in the 
troop, then females could solicit them in order to distract them from killing 
others’ infants (Newton 1987). In this way the females would gain through 
inclusive fitness (Hamilton 1964). This did not seem to be the case in A troop 
though since some females travelled far fi-om the troop to solicit males and it was 
this that appeared to draw the males into the troop in the first place. If, however, 
females perceive the resident male to be weak and that a takeover seems likely, 
kin selection could still be invoked to explain why females solicited more than one 
male to reside in the troop, if infanticide is less likely to occur in a multimale 
troop. Females in A troop during the 1996 mating season solicited two different 
males and daily broke up into subgroups, each with a different male. It is 
interesting to speculate that females could have dispersed in such a way, in order 
to make it impossible for a single male to monopolise the troop, thus allowing 
multiple male residence and avoiding infanticide, as has been described for 
Hanuman langurs by Newton (1987). Unfortunately, however, sufficient data are 
unavailable to test this hypothesis and further research is needed to shed light on 
this question.
(iv) Solicitation oÇ and mating with, infanticidal males, where females are 
deceiving males about their reproductive condition. This could potentially involve 
lactating females exhibiting proceptive or “pseudoestrus” {sensu Hrdy 1977) 
behaviour in order to confiise paternity or make an infanticidal male perceive 
females as fertile therefore removing the need to kill their infants. Alternatively it
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could involve pregnant females mating with males so that the offspring 
subsequently produced are perceived by him to be his own offspring (Hrdy 1977; 
1979; Hausfater 1984). This behaviour requires that females are able to exhibit 
“situation dependent receptivity”, that is, they are able to mate and solicit mating 
independently of thdr physiological state, and the success of this behaviour in 
avoiding infanticide requires that males are unable to detect a difference between 
fertile and non-fertile receptivity (Hrdy & Whitten 1987). Situation dependent 
receptivity, where females did not previously show rec^tive behaviour, has been 
reported for several primate species in cases where an unfamiliar male(s) has 
invaded their group (e.g. Hanuman langurs, (Hrdy 1977); gelada baboons (Mori 
1979), redtail monkeys (Cords 1984), blue monkeys (Cords et al. 1986; Cords, in 
press)
Samango monkey females clearly do show situation dependent receptivity and 
there is evidence that this could be linked to infanticide risk. Females in both 
seasons showed a greater tendency to behave proceptively towards infanticidal 
and potentially infanticidal (i.e. newly resident) males. The day after AMSH’s first 
infanticide in B troop in 1995, the first matings observed that season in any of the 
study troops took place, strongly suggesting a link between infanticidal behaviour 
and the onset of proceptivity in females. The level of proceptive behaviour shown 
by females does not appear to be closely related to birth rate when comparing the 
different troops (although there are insufBcient data to test this statistically), so it 
would seem that in some cases, females behaved proceptively more than was 
necessary to get pregnant. Many females also showed post-conception 
proceptivity, when they were clearly not fertile. Post-conception proceptivity was 
exhibited by a higher proportion of females in troops containing infanticidal males 
or new resident males (and therefore potentially infanticidal).
It is unlikely, however, that the fimction of the high level of proceptive behaviour 
was to deceive a male into perceiving the subsequent offspring as his own, since 
in the cases of the infanticidal male and the suspected infanticidal male, all 
offspring were conceived after their residence began, and no other males, except 
for one on one occasion (see above), were observed to mate with the females in
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their troop in the subsequent mating seasons, so that the offspring produced 
probably were sired by them. An alternative explanation is that finales’ behaviour 
acts to “convince” a competitively superior male to remain in the troop rather 
than leaving to seek mating opportunities elsewhere, and to reinforce his 
perception of paternity of their subsequent offspring so that he does not harm 
them, and indeed defends them by maintaining residence. Another reason why 
females may show a high rate of proceptive and mating behaviour with infanticidal 
males is that the females are genuinely trying to conceive with such males and if 
they do so they may gain by producing infanticidal sons who in turn will be 
expected to have a higher rate of reproductive success than non-infanticidal sons, 
thus maximising the females’ reproductive input into the following generation. 
This, however, would depend on there being some males which are potentially 
infanticidal and others that are not: it could be the case that all males are 
potentially infanticidal, but whether^or not this behaviour is expressed will depend 
on the situation a given male finds himself in.
Adult females were observed presenting to males using exaggerated postures, at 
some distance to the male (more than 1 metre and sometimes several metres). It is 
suspected that such presents represented appeasement gestures since at those 
distances the bdiaviour was not conducive to mating, and the gestures were 
directed almost exclusively at AMSH, the infanticidal male (the single exception 
being directed at AMD, a newly resident male in A troop). In Kakamega C.mitis, 
Cords has also observed that females presenting from afar do so in a very 
exaggerated manner: Cords similarly does not view these as sexual presents 
(Cords, pers. comm ). While exaggerated presenting at a distance to adult males 
by adult females may be interpreted as an appeasement gesture, it is more difficult 
to explain similar behaviour observed in infants and young juveniles towards adult 
males. This behaviour from youngsters was observed to be directed at the 
infanticidal male, the suspected infanticidal male, and AMD, the male who entered 
A troop in 1996 and eventually took over sole residence, and was observed to 
take place during.only the first three months of each male’s residence. All but one 
individual seen performing this behaviour were under two years of age (the 
exception was a three year old female). Such behaviour has also been reported for
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Hanuman langurs by Sommer (1997) and he noted that the infants involved were 
always female. He suggested that the behaviour might function to suggest to the 
male that the actor represented a future mating partner and as such should be 
spared from attack. In the present case of the samango monkeys, the sex of the 
infants or juveniles performing this behaviour was usually unknown, so that the 
function remains obscure.
5. Infanticide should, on average, increase the infanticidal male's reproductive 
success.
Infanticidal behaviour probably increased the reproductive success of both AMSH 
and AMN. Through killing at least three infants after his takeover of B troop, 
AMSH is very likely to have sired at least three more offspring (bom to the 
mothers of his victims) during his short tenure than he would have been able to do 
otherwise judging by general patterns of birth spacing and fertility in females. 
AMN may also have gained an additional offspring in his first year of residence in 
B troop, if, as suspected, he killed AFK’s infant.
In summary, the evidence given here suggests that infanticide is an adaptive 
behaviour for male samango monkeys and supports the sexual selection 
hypothesis for infanticide by male primates.
Factors affecting the likelihood o f infanticide
Infanticide is predicted to occur in primate groups where a unimale social 
organization is the norm, since a unimale group will have only a single sire willing 
to put up a fight to defend infants. If the incoming male can overpower the 
incumbent male, and he can defend sexual access to the females of the group, then 
he could benefit by killing unweaned infants if this reduces the length of 
lactational ammenhorea in females and increases his likelihood of reproduction 
before his tenure expires. Samango monkey social structure fulfils this criterion: 
They usually live in troops containing a single adult male. In B troop where 
infanticides were observed to occur, there was never more than one adult male in 
residence at one time during the study period. There was only one period when
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any of the study troops had more than one male in residence; during most of the 
1996 mating season A troop contained three or more adult males at any one time. 
During this period, no infanticidal or aggressive behaviour was observed towards 
infants in A troop, even though two of the males were new residents, and the 
likely sire of the infants was not the dominant male in the troop.
The second factor predicted to affect the incidence of infanticide, is the level of 
competition among males for access to females, since this will affect the length of 
tenure for a male in a troop and therefore the amount of time he has to reproduce. 
Infanticide reduces the amount of time a male must wait before he can impregnate 
a female, and we would expect infanticidal behaviour to occur more frequently 
where tenure length is short. The rate of resident male replacement in the study 
troops and neighbouring troops was relatively high (0.53 - 0.6 replacements per 
troop per year) when compared to other C.mitis studies (Table 6.4): In Kakamega 
forest, male replacements in C.mitis troops occurred at a rate of 0.23 per year, 
during 19 years of observations of five troops for varying proportions of that 
time. These figures were calculated using data from Cords (in press) by dividing 
the number of replacements occurring during years when each troop was 
observed by the number of years each troop was observed, although it should be 
noted that this figure may be a slight underestimate since data on replacements 
come from mating seasons, so that where a male both gained and lost tenure in a 
troop during a single non-mating season, this may have been missed (Cords, pers. 
comm ). Infanticide has never been observed at Kakamega but has been 
documented in one other population of C.mitis (at Ngogo in Uganda) for which 
the rate of resident male replacement is published (Butynski 1982). This is the 
only population which has a higher recorded rate of male replacement than in the 
present study; (group 33 at Ngogo, Kibale Forest, Uganda). For Cape Vidal and 
Ngogo C.mitis males, short tenure lengths mean that infanticidal behaviour could 
have a significant impact on a male’s reproductive success. The two populations 
where infanticide has been observed also have the highest male:female ratio, again 
indicating a positive relationship between male-male competition for access to 
females, and the incidence of infanticide (Table 6.4).
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Table 6.4. Inter-population comparisons of Cercopithecus mitis data. Data for Kanyawara and 
Ngogo aane from Butynski (1990) and those for Kakamega come from Cords (in press)
Site
Cape Vidal, 
South Africa 
(this study)
Kanyawara,
Uganda
Ngogo,
Uganda
Kakamega,
Kenya
Rate of Male Replacement 0.6 0.06 1.5 0.23
Ratio of Extratroop Males to 
Troops 1.2 0.01 - 0.04 0.9 - 2.6 1.0-2.0
Females per Troop 9 9.5 12 15
Mean Ratio of Males to Females 0.24 0.11 0.23 0.16
Observation of Infanticide
presence/absence P A
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The samango monkeys at Cape Vidal are “disturbed” to a small extent as there is 
a public campsite within the home range of two of the three study troops (A and 
B) and monkeys are occasionally able to procure exotic items of food. It has been 
argued that such provisioning can lead to aberrant infanticidal behaviour (Curtin 
& Dolhinow 1978) as it may lead to artificial overcrowding, but as pointed out by 
Leland et al. (1984), the real issue is not the factors that have increased a 
population in relation to the carrying capacity of the environment, but the factors 
within such populations that tend to increase the fi-equency of infanticide, i.e. the 
level of male-male competition for access to females. It is possible that indirect 
provisioning could increase the survivorship of extratroop males in a population, 
so increasing the male:female ratio and therefore the level of competition among 
males. Data collected during scan samples of troops (see “Methods” chapter 2) 
and any extratroop males in their vicinity, indicate that adult males (including 
extratroop males) are recorded as feeding on exotic items for 10.53% of feeding 
records, while for adult females, the figure is only 2.52% (Chapman et a l 1998). 
It is possible then, that indirect provisioning could increase the local male:female 
adult sex ratio. Nevertheless, this is simply a possible explanation for why the 
level of male-male competition in this area is relatively high; it in no way refiites 
the hypothesis that infenticidal behaviour in response to such competition is an 
adaptive behaviour for the male perpetrator.
Seasonality of breeding and interbirth interval length are also predicted to affect 
the likelihood of infanticide, since if females have a very short discrete season for 
mating and reproduce once a year, a male entering the troop has little to gain by 
killing infants since he would have to wait until the next mating season to 
impregnate the bereft mother, and he could have done this regardless of whether 
her infent survived or not. This is not the case for samango monkeys however. 
Samango females are seasonally sexually receptive, but the mating season can 
take up more than half the year (see Chapter 4). If a male kills an infant early in 
the mating season, a female can still become receptive later on in the same season, 
(e.g. AFK in both the 1995 and 1996 mating seasons). Also, because the interbirth 
interval is greater than 12 months, a male samango could benefit through killing
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unrelated infants (‘infants’ defined in the study as up to one year of age) at any 
time of year, since this will increase the likelihood that the victims’ mothers will 
become fertile in the next mating season: They would be unlikely to do so if their 
infants fi*om the previous birth season survive.
If infanticide is so profitable to males, why then does every male not take the 
opportunity to kill infants sired by other males when he takes up residence in a 
group? For example, when AMN took over residence in B troop in April 1996, he 
could have profited fi-om killing more than one infant, given all adult females had 
borne infants in the previous birth season. It could be that in some cases the costs 
outweigh the benefits; the costs could include the risk of injury to himself or his 
future mating partners and decreased time available for vigilance against outside 
males and/or predators. The relative costs and benefits will be affected by a male’s 
expected tenure length (Butynski 1982), although how males could assess this is 
unknown.
Another male in this study that could have potentially benefited fi-om killing 
infants, but did not do so, was AMD. This male entered A troop in the 1996 
mating season, stayed on as resident male after the mating season had ended, and 
eventually was the sole incumbent adult male. In A troop there were three 
surviving infants at the beginning of AMD’s tenure and had he killed these he 
might have increased his reproductive output that year by three offspring. Given 
that he survived as troop male for only a few months, this could have made an 
enormous difference to his lifetime reproductive success. Although the likely sire 
of the infants (AMB) remained in the troop at this time, AMD was able to 
dominate him, and indeed, AMB received several serious wounds during this time. 
AMB could have increased the costs of infanticide for AMD, however, if there 
was a risk of injury to AMD through AMB’s attempted defence of infants. In 
addition, the potential benefits to AMD of infanticide may have been reduced 
given that at the time of AMD’s entry into A troop, there were two other males in 
residence as well as other extratroop males following the troop fi-om time to time. 
Hence there would be no guarantee that AMD would sire the infants subsequently 
produced by the mothers of the infants if he did kill them. Added to this, there
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were six other adult females in A troop without infants all of whom became 
sexually receptive during the 1996 mating season. AMD was unable to defend 
sexual access to all of these (AMF was observed to mate with several females in 
A troop; see Chapter 4) and the chances of AMD defending access to additional 
fertile females would have been small, further reducing the benefits of infanticide.
In this case it appears that infanticide in a multimale situation, would have been 
far less profitable than in a unimale group, and this lends support to van Schaik’s 
(1996) argument, that multimale influxes in guenon species reduce the risk of 
infanticide. At Kakamega in Kenya, C.mitis show a high rate of multimale influxes 
(Tsingalia & Rowell 1984; Cords et al. 1986; Cords, in press) (see Chapter 5, 
Table 5.3). It may be significant that a large proportion of troop male 
replacements at Kakamega were preceded by a multimale influx (eight out of 17) 
compared with this study (one out of four), as this could have meant that 
infanticide was less likely due to the presence of multiple males. In order to 
suggest that females deliberately instigate multimale influxes in order to avoid 
infanticide it would be necessary to invoke kin selection on the part of females 
without infants, as noted earlier. However, it should be noted that there are other 
potential reasons why multimale influxes take place, and why they may be 
profitable for females, such as inbreeding avoidance, or increasing the chances of 
conception, (see Chapter 5).
In spite of the fact that a resident male bears the cost of travelling with a group of 
females and competing with them for food, as well as foregoing the opportunity 
to search for females showing out-of-season receptivity, he remains with his troop 
throughout the year. Given the significant risk of infanticide when a new male 
takes over sole residence in a troop, it seems entirely plausible that one of the 
primary reasons why a male maintains residency in a troop outside the mating 
season, is to guard against the killing of his offspring by other males. This could 
also explain why females do not try to expel the resident male fi-om their troop at 
the end of the mating season. If a single male is responsible for all or most 
conceptions occurring in a troop in a given mating season, then it is not surprising 
that only a single male remains in the troop afterwards. In the one case during this
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Study where more than one male was resident in a troop during the mating season, 
the three males who were observed to mate in the troop all stayed resident in the 
troop for varying periods after the mating season was over.
Summary
Observations of samango behaviour give no support to the hypothesis that infant 
killing by males occurs as an epiphenomenon of aggressive episodes, while they 
do support the sexual selection hypothesis for infanticide, suggesting that 
infanticide by adult males is an adaptive behaviour for the perpetrator. In the case 
of AMSH, the known infanticidal male, attacks were targeted at infants for 
several months after he took up residence in the troop and it is unlikely that any of 
his victims were closely related to him. He mated successfully with all the victims’ 
mothers and in the one case where the identity of the mother was known, she 
almost certainly became sexually receptive and fertile much sooner than if her 
infant had survived. Infanticidal and suspected infanticidal males had a high rate of 
mating success compared with other males, and in the subsequent birth seasons, 
their troop females produced more offspring than expected had the infant killings 
not taken place. Infanticides occurred where there was a single adult male resident 
as would be predicted if the behaviour increases male reproductive success, and 
females performed costly behaviours that are expected to counter infanticidal male 
behaviour. These behaviours include active defence of infants during attacks by 
males, and proceptive behaviour towards potentially infanticidal males even when 
the female is not fertile. Given that these are expensive in terms of energy and 
time budgets and risk of injury, it is highly likely that these behaviours have 
evolved to counter infanticide. A comparison with data from studies of other C  
mitis populations shows a positive association between incidence of infanticide 
and the level of male-male competition for access to females, as measured by the 
rate of troop male replacement, and the ratio of males to females in the 
population. The incidence of multimale influxes preceding a male takeover could 
reduce the probability of infanticide by reducing the profitability of such behaviour 
for males. One reason why a male remains resident in a troop where he is likely to 
have sired infants may be to avoid the killing of his offspring by another male.
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Development of Behaviour and Relationships in Male Samango 
Monkeys
Introduction
Primates exhibit by far the longest juvenile stage among mammals of a given size 
class. However, relatively little is known about juvenile behaviour (Fairbanks & 
Pereira 1993). In this chapter, the behaviour and the development of relationships 
in juvenile male samango monkeys (Cercopithecus mitis erythrarchus) are 
examined, including a detailed investigation of individual behaviour.
The extended juvenile period in primates is thought to be an adaptation which 
allows developing individuals to learn effective behaviour, including complex 
social behaviour, (Pereira and Fairbmiks 1993). One of the key objectives during 
the juvenile period may be to form beneficial social relationships that are likely to 
influence an individual’s competitive ability as an adult. All else being equal, a 
juvenile should invest more energy in forming long term social relationships with 
individuals that they are likely to interact with in the fiiture (Fairbanks 1993). For 
female juvenile cercopithecines who will usually remain in their natal group, this 
generally means building ties with other females within the female social network 
in their natal group. For young males, however, the situation is less clear. Male 
cercopithecines generally leave their natal group before they reach reproductive 
age and the majority of their troop mates are likely to be unavailable to them as 
allies when adult. How then should males maximise their learning opportunities 
and the profitability of their relationships as they grow and mature?
The types of behaviour juvenile male samangos perform, and the social 
relationships they invest in, will depend on the type of relationships they need to 
compete successfully as adults. Cercopithecus mitis live in troops usually 
containing a single adult male, and natal males are reported to emigrate at around 
puberty (Cords 1987b). After natal emigration males usually exist separately fi-om 
bisexual troops until, in at least some cases, they take over residence in a bisexual
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group. After emigration, it is possible that male samangos could benefit through 
living in an all-male group, and forming alliances with other males to help them to 
gain access to females. In this situation it will benefit a juvenile male to nurture 
relationships with other males that he can form alliances with later in life. If, on 
the other hand, adult male samangos do not cooperate in any way, then we should 
not expect juvenile males to devote much time or energy to forming relationships 
with other males. Instead, males in their natal troops would be expected to 
concentrate on maintaining relationships that will benefit them in the short term, 
i.e. with relatively high ranking females and the troop adult male. In this chapter, 
the behaviour and association patterns of male samangos are examined, fi-om the 
juvenile stage, through emigration, to extratroop male life and ultimately to troop 
takeover, in order to investigate the ways they optimise their chances of future 
reproductive success.
Play
The distribution of play behaviour among juveniles of both sexes and the choice of 
age/sex class of play partners that each make, could be linked to the behaviours 
and relationships which benefit males later in life. It is unlikely that play behaviour 
has a single fimction. There is much evidence to suggest that the fiinctions of play 
include (a) developing fighting skills (Fagen 1981; Chalmers 1984), and (b) 
developing social bonds (Cheney 1981; Lee 1983; Koyama 1985; Nakamichi 
1989).
If one of the functions of play is to practice individual fighting skills, then those 
individuals who benefit most through individual acts of aggression should play 
more as juveniles. In ringtailed lemurs {Lemur catta), both males and females 
indulge in and can potentially benefit fi-om fighting, and in this species no sex 
differences were found in play behaviour between males and females (in an 
undated study by Pereira reported in Fagen 1993). In cercopithecines however, 
males are the more aggressive sex, and stand to gain more from intra-sexual 
fighting (Smuts 1987b). As predicted, in those cercopithecine species for which 
data are available, male juveniles spend more time playing than female juveniles, 
e.g. savanna baboons, Papio armbis, (Owens 1975; Pereira 1984), rhesus
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macaques, Macaca mulatta (Symons 1978), hamadryas baboons, Papio 
hamadryas, (Aldis 1975; Leresche 1976), vervets, Cercopithecus aethiops, 
(Bramblett 1978; Fairbanks 1993).
If play behaviour facilitates the development of afiBliative relationships between 
individuals then the juveniles that play together should also groom together and 
associate frequently. In vervets (Lee 1983) and Japanese macaques, Macaca 
fuscata (Nakamichi 1989) juveniles that associate during play also spend a 
relatively large amount of time in proximity to one another. It is not the aim of 
this study to test between these two hypothesised functions of play behaviour, 
since they are not mutually exclusive, but to examine which are important for 
juvenile male samangos and to determine how they use play to develop their skills 
and relationships.
Association and grooming patterns
Association and grooming patterns are expected to reflect relationships that will 
benefit juveniles either immediately, or will build alliances for future benefit. If 
male juveniles do not benefit from alliances with other males after emigration, 
grooming patterns are expected to be restricted to familial relationships and other 
relationships that may benefit them in the short term. In situations where males 
will rely on association with other males after emigration, they are expected to 
affiliate with those individuals they are likely to meet in fiiture life. These may 
include other juvenile males with whom they might eventually emigrate (either in 
their natal troop or in neighbouring troops), or males that are already living an 
extratroop life that they may join up with after emigration. In Hanuman langurs 
(Presbytis entellus) at Jodhpur, where males associate in large all-male bands after 
emigration, juvenile males in male bands huddled together and groomed each 
other (Rajpurohit et al. 1995). However, in Hanuman langurs at Ramnagar, where 
all-male groups are rare, juvenile males rarely associated with one another 
(Nikolei & Borries 1997). In a study of captive vervets, Fairbanks (1993) 
reported that juvenile males selectively formed relationships with their older 
brothers and other natal males, who they would be likely to meet again as adults, 
given that vervet juveniles tend to migrate into groups that have already received
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males from their natal group (Cheney & Seyfarth 1983). In Japanese macaques 
(Sugiyama 1976) and rhesus macaques (Colvin 1983), bonds among juvenile 
males and young adult males are thought to aid the eventual emigration of the 
males from their natal groups.
Juvenile males are also expected to associate with the troop adult male if, by 
doing so, they can learn about adult male behaviour and competition. Juvenile 
male vervets approached adult males significantly more than they approached 
adult females (Fairbanks 1993). Going against this, may be an avoidance of the 
troop adult male by juveniles, since as they grow older they may come to 
represent competitors and as such be the recipients of the troop male s 
aggression, as has been observed, for example, in Hanuman langurs (Nikolei & 
Borries 1997). This chapter examines the relationships of juvenile male samangos 
in terms of their association and grooming patterns and looks at how this relates 
to their behaviour and relationships later in life.
Sexual behaviour
Given that the limiting factor on a cercopithecine male’s reproductive success is 
primarily the number of females he can inseminate, an important part of such a 
male’s development will be to leam how to mate successfully and compete 
successfiiUy for access to fertile females. Primates show an interest in sexual 
behaviour from a very early age and several species have been observed 
performing sexual activities from infancy onwards (Walters 1987). For example, 
mounting behaviour in baboons {Papio anubis) commences at less than six 
months of age, and the full adult mounting pattern with intromission occurs by 12 
months (Owens 1976). Juvenile males of some species have been observed 
showing a great interest in the sexual activities of adult males and follow the latter 
around. Vervet juvenile males show an inordinate interest in the genitalia of adult 
males (Henzi 1985). In many species juvenile males interfere with matings, 
sometimes actually attacking the mating couple and terminating the mount. 
Harassment of matings by juvenile males has been observed in Hanuman langurs 
(Sommer 1989), chimpanzees. Pan troglodytes (Nishida 1997), vervets (Henzi, 
personal communication), patas monkeys, Erythrocebuspatas (Loy 1975, 1977).
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The function of this harassment is unknown. It has been proposed that such 
harassment may represent parent-offspring conflict where the harassing juvenile 
attempts to prevent the production of sibling rivals (Niemeyer & Anderson 1983; 
Gore 1986; Sommer 1989), but this is not a satisfactory explanation for 
harassment by older juveniles who travel and feed independently of their mothers. 
Mating harassment may allow juveniles to approach, examine and threaten 
dominant adult males at a time when they are unlikely to retaliate (Walters 1987). 
Loy (1977) suggests that harassment of mating by immature male patas monkeys 
occurs because of (a) the excitatory effect of witnessing adult sexual interactions, 
and (b) the approach/withdraw conflict experienced during close approach to the 
adult male. Another possibility is that juveniles harass matings to practice mating 
competition and if harassment is carried out with other males, this may represent 
the formation of competitive alliances for accessing fertile females or at least 
reducing the success of other males.
Here the sexual behaviour of juvenile male samango males, and their interference 
with adult matings is examined in order to look at how this contributes to the 
development of their sexual behaviour and competition as they grow older.
Association with individuals outside the natal troop
If males join others from outside their natal troop after emigration, it will be to 
their advantage to establish relationships with these other males before emigration 
if this facilitates their post-emigration survival and reproductive success. Males 
from outside the troop, that juveniles may come into contact with, include males 
from other bisexual troops, and males already Hving an extratroop existence. This 
chapter looks at how the relationships of juvenile males with individuals from 
outside of their natal troops relates to the association patterns they have after 
emigration.
Behaviour surrounding emigration
In common with the majority of primates, guenon species show female philopatry 
and male dispersal (Cords 1987b). Three explanations for dispersal have been 
proposed (Pusey & Packer 1987). These are (i) that individuals seek better or
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unexploited resources (including mates), (ii) that dispersal occurs as a 
consequence of intra-sexual competition and aggression, and (iii) that individuals 
leave their natal troop to avoid the deleterious genetic consequences of close 
inbreeding. These explanations need not be mutually exclusive, but we can obtain 
clues as to which factor might be the main driving force by looking at the 
proximate factors surrounding emigration from the natal troop. If young males are 
aggressively driven out by dominant male competitors we can assume that intra- 
sexual competition is important. If, on the other hand, males leave their natal 
troops voluntarily, this seems less likely to be the case. Where males move 
directly into another group containing fertile females and compete for access to 
these we may suspect that the males are driven by the availability of mates. If they 
simply take up an extratroop existence until an opportunity for troop entry occurs, 
then emigration would not seem to be driven by an immediate search for mates, 
although it should be borne in mind that males may leave their natal groups for the 
purpose of finding mates even if these are not immediately available. The case for 
the avoidance of inbreeding is more difficult to assess, as it is impossible to 
determine how deleterious it would be for a male’s reproductive success if he 
were to mate in his natal troop, although there is evidence for captive primates 
that breeding among close relatives produces less viable offspring (Ralls & Ballou 
1982). The aim here then, is to look at the events surrounding emigration of males 
from their natal troops in an attempt to determine the proximate and ultimate 
causes for dispersal.
Patterns o f association after emigration and the nature o f resident male 
replacement
Studies of C. mitis have revealed different patterns of association of males after 
emigration from their natal troop. At Kakamega in Kenya (Cords 1987a; Rowell 
1997) and Cape Vidal, South Africa (Henzi & Lawes 1988), males have been 
observed to travel both solitarily and in all-male groups. In Kibale, Uganda, 
however, where the population density of C.mitis is lower than at the other two 
sites, only the solitary extratroop male pattern has been observed (Rudran 1978; 
Struhsaker & Leland 1979; Butynski 1982). Whether or not males associate with 
others after emigration may help to predict the type of behaviours and
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relationships observed in juvenile males. Another question is whether or not there 
is any evidence of cooperation among males in acquiring access to fertile females 
or other resources such as food. Males that associate together have a potential 
advantage over solitary males if they support one another in aggressive conflicts 
with conspecifics. In Hanuman langurs in Jodhpur, members of all-male bands 
cooperated in ousting harem holders and taking over bisexual troops (Sommer 
1988). The alpha males of the bands ousted the other males after takeover, 
although subordinate band members made fitness gains through “sneaking” 
copulations before being ousted by the alpha males. Males Could also potentially 
cooperate to defend feeding territories. If such cooperation occurs in samango 
monkeys, we should expect males as they grow and develop, to foster 
relationships which will benefit them once they reach sexual maturity.
In summary; the aim of this chapter is to examine the association patterns and 
relationships between male samango monkeys as adults, and to look at the 
behaviour of juvenile males to see how they prepare for this adult life. This 
includes determining how play behaviour develops relationships and competitive 
skills and whether the association patterns and afiBliative behaviour of juvenile 
males within the natal troop have any reflection on relationships in extratroop life. 
This involves looking in particular at juvenile males’ relationships with other 
males in their troop, including both juveniles with whom they might emigrate, and 
the troop adult male whom they may leam fi-om. This chapter also investigates the 
development of sexual behaviour and competition. The relationships that juvenile 
males have with males outside their troop are examined, including both peers from 
neighbouring troops and extratroop males. Finally, an investigation of the events 
surrounding emigration from the natal troop is carried out, to determine the 
proximate and ultimate causes of emigration, and how juvenile male relationships 
are involved in subsequent extratroop life.
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Methods
Subjects
Observations were conducted on three study troops of samango monkeys at Cape 
Vidal (for the data collection schedule, see Chapter 2). Data on troop juveniles 
obtained since 1/5/95 only are analysed in this chapter, since by this stage, data 
collection techniques had been perfected and some of the juveniles were 
individually identifiable. Juveniles are defined as individuals of over one year of 
age and who are known or estimated to weigh less than 4kg, after which they are 
classed as subadults (see Methods, chapter 2). Two classes of juveniles are 
distinguished; J1 (aged approximately one to three years), and J2 (aged 
approximately three to five and a half years).
For the purposes of determining the function of mating harassment by juvenile 
males it was desirable to know who the juveniles’ mothers were. Since 
observations at Cape Vidal began well after the juveniles present in the study were 
bom, the identities of their mothers cannot be stated with certainty. However, for 
some of the juvenile males in the study, the identity of their mothers have been 
assumed on the basis of suckling and grooming relationships.
Data collection methods
1. Scan samples: Systematic data were collected on troop animals and for limited 
periods on all-male groups, every half hour during contact. Included in the 
information gathered during these scans for each animal was (a) their behaviour, 
(b) the identity of their behaviour partner, if they were interacting with another 
individual, e.g. grooming partner or play partner, and (c) the identity of their 
nearest neighbour where possible, and as long as the neighbour was within 10m of 
the animal in question. During each scan sample conducted from 27/4/96 
onwards, the presence or absence of juvenile interaction with neighbouring troop 
juveniles since the end of the previous scan, i.e. during the previous half hour, was 
recorded. Juvenile interaction is defined as interaction between juveniles of the
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focal study troop and those of a neighbouring troop, where interaction may 
include play, grooming or sitting in proximity (within Im) of each other.
2. Sexual behaviour: All observed instances of full mounts of females by males 
(see Chapter 2 for description) were recorded on a behaviour sampling basis (see 
Altmann 1974), however it must be noted that only a proportion of these mounts 
would have been observed since it was normally possible to view only a few 
animals simultaneously. Where a mount was observed, the presence or absence of 
mating harassment was noted along with the identities or at least age/sex classes 
of the harassers where possible. Mating harassment consisted of the harasser 
running up to the mating pair, giving aggressive “keh-keh” vocalisations and 
lunging towards the pair. Harassment sometimes also involved actual bodily 
contact and the harasser sometimes attacked one or other or both of the pair, for 
example by pulling the tail of the male or batting at the face of the female. Where 
possible, the identity of the recipient of such an attack was recorded, i.e. whether 
it was the male or the female of the mating pair.
3. Interactions between juvenile males and other males: Interactions between 
troop juvenile males and other males including troop adult males, neighbouring 
troop juvenile males, and extratroop males were recorded on an w/ libitum basis 
during troop follows (see Chapter 2 for timing of these). These interactions 
included events such as aggressive episodes between the resident male and 
juvenile males, afiBliative behaviour between troop juveniles and extratroop males, 
and afiBliative interactions such as play and grooming between juveniles of 
neighbouring troops.
4. Observations of extratroop males: Because of the difiBculty of systematically 
recording the behaviour of extratroop males, most observations of them were 
carried out opportunistically during troop follows or surveys (see Methods, 
Chapter 2). During these observations the associations of males were recorded, 
and details of their behaviours and nearest neighbours were collected on an 
instantaneous basis. In addition, focal sampling was carried out on extratroop 
males (see Chapter 2 for details). Details of aggression between extratroop and
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troop males and of the events surrounding troop male replacement were also 
recorded on an opportunistic, ad libitum basis.
Data analysis
Juvenile male data on the following were examined: their activity budgets, their 
choice of play partners, grooming partners and nearest neighbours, and these 
were compared with scores for juvenile females as a baseline. These comparisons 
were examined statistically using y f analysis (Zar 1984). Data obtained from scan 
sampling of the three study troops (only including those collected after 1/5/95) 
were pooled for these analyses. The age/sex class composition of troops, and the 
numbers of individuals, could only be ascertained by counting recognised 
individuals in this study because of difficult observation conditions. Given that 
the number of study animals that were individually recognisable increased 
throughout the study period, it is not possible to ascertain the absolute number of 
each age/sex class available as partners (play, grooming or nearest neighbours) 
for the purposes of statistical analysis. The numbers of individuals of each 
age/sex class in the study troops also changed during the study period due to 
births, deaths, immigration, emigration and change of class due to ageing. 
Furthermore, even if complete data on troop composition were available, this 
would not necessarily provide an accurate picture of the availability of social 
partners in terms of what could be recorded since individuals of different age/sex 
classes were differentially visible to the observer, so that the presence of some 
classes was more likely to be recorded than others. For example, the presence of 
adult males was recorded more often than their proportion in the troops would 
suggest, while females of all ages were underrepresented in the scan records. To 
overcome this problem, the proportion of scan sample records for each age class 
has been calculated and used as a measure of the proportion of each class that 
was observable as being potentially available as partners. Although these 
proportions differ slightly from the proportions of each age/sex class observed in 
the study troops at the end of the main fieldwork period in October 1996 (Table 
7.1), they are thought to give an accurate representation of the potentially 
available partners visible to the observer.
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Table 7.1. Percentages of each age/sex class of individual present in the three study troops 
combined, as measured by (a) the proportim of instantaneous scan records for each, and (b) the 
proportion of each observed in the study troops at the end of the main freldwork period in 
October 1996
Aga'Sex Class % Scan Records % Present in October 1996
IN 12 11
JU 14 21
JM 16 14
JF 4 7
SAP 3 6
AF 41 34
AM 10 6
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Results
Activity Budgets and Play Behaviour
The percentage of time spent in various behaviour categories was estimated for 
juvenile males and females using data from instantaneous scan samples during 
troop follows (Table 7.2, Figure 7.1). Males played more than females (%^=21.19, 
df=l, P<0.001), fed less (%W.62, df=l, 0.00KP<0.005) and moved less 
(X^=5.53, df=l, 0.0l< f<0.025) than females.
For juvenile males, the frequency with which each age/sex class was observed as 
play partners differed significantly from that expected on the basis of their 
availability; = 251.17, df = 6, P<0.001, (Figure 7.2). This was not calculated 
for juvenile females since there were insufficient play records for analysis (n = 9). 
Juvenile males engaged in play with other juveniles and with infants, but never 
with sub-adults or adults of either sex. Juvenile males played with other juvenile 
males significantly more than expected when compared with other classes 
combined; = 190.09, df = 1, f<0.001. Juvenile males also played with juvenile 
males significantly more than they played with juvenile females; = 16.28, df = 
1, P<0.001. In these analyses, only the 124 play records where the partner was 
known to belong to one of the three study troops were used so that the expected 
availability of different age/sex classes of partner were known (see methods 
section). In addition to these, there were four records of juvenile males playing 
with juvenile males from non-study troops. There were ten more records of 
juvenile males playing with juvenile males from a neighbouring troop, but in these 
cases they were study troops. In addition, there was one record of a juvenile male 
playing with a vervet juvenile male.
Association and Grooming Patterns
In the following analyses of association and grooming patterns, not all age/sex 
classes have been compared statistically since many of the expected values are too 
small to give safe statistical scores.
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Table 7.2. Activity budgets of juvenile males and females based on the percentage of scan 
samples where each activity was observed
Behaviour Males Females
Rest 34.56 30.75
Feed 38.17 44.36
Move 11.33 14.64
Play 5.41 1.32
Groom 7.21 6.44
Other 3.32 2.49
n=2497 n=683
Figure 7.1. Activity budgets o f  juvenile males and fem ales based on the percentage o f  scan 
samples where each activity was observed
Juvenile Activity Budgets
^  10 - -
Behaviour Category
B Males 
■Females
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Figure 7.2. Observed and expected numbers of instantaneous play record for juvenile males 
with each age/sex class. IN = infant; JU = juvenile, sex unknown; JM = juvenile male; JF = 
juvenile female; SAF = subadult female; AF = adult female; AM = adult male
Juvenile Male Play Partners
A 30 -  -
I.
■  Observed 
■Expected
Age/Sex Class
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For both juvenile males and juvenile females, the frequency of the different 
age/sex classes as nearest neighbours during instantaneous scan samples differed 
significantly from that expected on the basis of their availability; juvenile males;
= 577.49, df = 6, P<0.001, juvenile females; %^= 147.51, df = 6, f <0.001 (Figure 
7.3 a&b).
Other juvenile males were the nearest neighbours of focal juvenile males more 
frequently than expected and when compared with other age/sex classes 
combined, juvenile male nearest neighbour frequencies differed significantly from 
expected, = 402.86, df = 1, P<0.001. Infants, adult females and adult males 
were the nearest neighbours of juvenile males less frequently than expected 
(Figure 7.3a).
For juvenile females, other juvenile females were their nearest neighbours more 
frequently than expected and when compared with other age/sex classes 
combined, juvenile female nearest neighbour frequencies differed significantly 
from expected, x  ^= 50.32, df = 1, f <0.001 (Figure 7.3b).
For juvenile males, the frequency of the different age/sex classes as both groomers 
and groomees during instantaneous scan samples differed significantly from that 
expected on the basis of their availability; groomers, x  ^= 56.92, df = 5, P<0.001, 
groomees, x  ^ ”  25.00, df = 5, f <0.001 (Figure 7.4). In these cases it was 
necessary to pool data for juvenile female and sub-adult female partners since the 
expected values for these separately were less than five. Juvenile males were 
groomed by adult females significantly more than expected when compared with 
other age/sex classes combined, x  ^= 45.38, df = 1, f<0.001. They were groomed 
by unknown sexed juveniles, infants and adult males less than expected, and in the 
latter two cases, not at all (Figure 7.4a). Juvenile males groomed adult females 
significantly more than expected when compared with other age/sex classes 
combined, = 13.93, df = 1, f<0.001. They did not groom infants or adult males
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Figure 7.3. Observed and expected numbers of instantaneous scan records y^ here individuals of 
each age/sex class were nearest neighbours o f (a) juvenile males, and (b) juvenile females
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217
Chapter 7: Development of Male Behaviour & Relationships
Figure 7.4. Observed and expected numbers of instantaneous scan records where individuals of 
each age/sex class were observed (a) to groom, and (b) to be groomed by, juvenile males
Juvenile Males' Groomers
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50 --
h Bp 40 --
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and groomed juveniles of unknown sex less than expected, but groomed other 
juvenile males more than expected (Figure 7.4b).
For juvenile females, of all classes of grooming partners, only adult females had an 
expected frequency of greater than five, either as groomer or groomee, thus adult 
females were compared with all other age/sex classes combined. There was a 
significantly greater tendency for juvenile females to be groomed by adult females 
when compared with other classes, -  7.76, df = 1, p<0.01, but no difference 
was detected in juvenile females’ propensity to groom adult females compared 
with other classes, -  0.14, df = 1, p>0.9. Juvenile females were groomed by 
other juvenile females more than expected but were groomed by all other age/sex 
classes except adult females less than expected (Figure 7.5a). Juvenile females 
groomed infants and juvenile females more than expected but groomed juvenile 
males, juveniles of unknown sex, adult males and sub-adult females less than 
expected (Figure 7.5b).
Sexual Behaviour 
Mounting behaviour o f juveniles
Samango monkeys were observed mounting other individuals from as early as 
infancy (less than one year old). Infants and juveniles used the same posture as 
mating adults, where the mounter places its feet on the calves of the mountee and 
grasps the mountee by the hips. This behaviour was sometimes accompanied by 
pelvic thrusting of the mounter. All observations of juvenile males mounting 
females where the females were at the J2 stage and older were recorded and 56 
records of this behaviour were recorded during 1124 hours of troop contact. Of 
these, the mounter was a J1 male for 2 records and a J2 male for 54 records. The 
mountee was a J2 female on 4 occasions, a sub-adult female on 6 occasions, and 
an adult female on 46 occasions. When adult females were mounted, the majority 
of mounts (n=31) were performed by the eldest juvenile male of each troop during 
the last few weeks of their residency in their natal troop before emigration. The 
eldest B troop juvenile male, J2MN, was observed mounting at least 6 of the 7 
adult females in B troop. None of these juvenile mountings were recorded as
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Figure 7.5. Observed and expected numbers of instantaneous scan records where individuals of 
each age/sex class were observed (a) to groom, and (b) to be groomed by, juvenile females
Juvenile Females' Groomers
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Age/Sex Class
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■  Expected
Juvenile Females' Groomees
c/3
Age/Sex Class
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successful matings, i.e. there was no semen visible, or a post-copulatory hold (see 
Chapter 4 for description). Assuming that males always emigrated as juveniles and 
that troop adult males had not taken up residence in their natal troops, no male 
was ever observed to mate successfully in his natal troop.
Mating harassment
Of 433 observed mounts involving adult males and adult or sub-adult females, 
300 (69.28%) were harassed, and of these 275 (91.67%) were harassed by 
juvenile males (Figure 7.6). No harassment by individuals who could be identified 
as juvenile females was observed. Harassment of mountings had a significant 
negative effect on mating success (see Chapter 3).
Where the number of juvenile male harassers during a mount could be determined 
(n=235), the mean number was 2.07, SD=1.17. However, considering that the 
more harassers were present, the more difficult it was to count them, this figure is 
an underestimate. Of all 275 mounts involving juvenile male harassment, 88 
(31.8%) involved only one juvenile male. There is no relationship between the 
number of juvenile male harassers and the success of a mount (for definition of 
“success” see Chapter 2), (Table 7.3). 187 mounts had more than one juvenile 
male harasser. Of these, at least 7 (3.7%) had juvenile male harassers who 
belonged to different troops, and of these, 4 mounts involved juvenile males from 
three troops. Given that in only 66 out of the 187 mounts harassed by more than 
one juvenile male could all individuals be identified (35.3%), there could easily 
have been more instances of harassment by juvenile males fi'om different troops.
Table 7.4 shows the extent to which juvenile males harassed the matings of their 
mothers. It was not possible to statistically test juvenile males’ propensities to 
harass their mothers compared with other adult females, since the mothers of only 
some of these males could be inferred, and these ones came fi'om different study 
troops. Since juvenile males harassed mating females in other troops as well as 
their own it was impossible to calculate how many other adult females they had 
available to harass. However, an examination of Table 7.4 reveals that four 
juvenile males were observed harassing their mothers’ mounts, and such instances
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Figure 7.6. Mating harassment; juvenile males m ove towards a mating couple, uttering aggressive  
vocalizations and may physically attack the pair
Figure 7.7. Playfighting among juvenile males from neighbouring troops
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Table 7.3. Relationship between the number of juvenile males harassing a mount, and the 
success of the mount. Figures in the right hand column denote the percentage of mounts 
involving each number of harassers which were deemed successhil
No. of JM harassers Number of Mounts
Number of 
Successful Mounts
% Mounts 
Successfiil
1 88 10 11.36
2 86 6 6.98
3 32 9 28.13
4 19 2 10.53
5 5 1 20.00
6 5 2 40.00
total 235 30 12.77
Table 7.4. Harassment of mothers’ matings by juvenile sons. Mating harassment data are shown 
only from those juvenile males whose mothers’ identities can be inferred from grooming and 
suckling data. The first column of figures indicate the total number of mounts involving any 
adult female harassed by that juvenile male, including his mother. The second column datiotes 
the number of mounts involving his inferred mother that he has harassed. The third column 
shows the total number of mounts observed involving the mother, and the fourth column shows 
the number of those mounts that were harassed by any juvenile male
Juvenile Male ID Mother ID
Total No. of 
Harasses byJM
No. o f Harasses 
o f Mother by Son
No. of Mts 
observed of AF 
by AMs
No. of Harasses 
o f AF by JMs
JIMB AFL 9 0 6 4
JIM F AFD 0 0 31 13
J2MN AFF 51 6 8 7
J1MSB/J2MSB AFG 21 9 36 32
J1MM/J2MM AFP 24 11 27 21
JIM G AFR 6 4 13 11
J2MJ AFJ 11 0 2 1
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accounted for 25% of observed harassments by juveniles whose mothers’ 
identities were inferred. Three juveniles were observed to harass a large 
percentage of observed mounts involving their mothers. In all of these (those 
involving JIMSB, JIMM and JIMG), all harassment of their mother’s matings 
occurred after a younger sibling had already been bom. The only other juvenile 
male observed harassing mountings of his inferred mother was J2MN. In his cases 
no known younger sibling had been bom, but all but one of the harassments 
occurred when his inferred mother was pregnant.
The number of mounts observed involving “new” troop males was 402. New 
males were adult males that had taken up residence in the troop at the beginning 
of, or during the mating season where the harassment of mating considered here 
was taking place. New males included AMD, AMF, AMN and AMSH. Of these 
mounts, 254 (63.2%) were harassed by juvenile males. The number of mounts 
involving “established” resident males, defined as males resident in the troop since 
the beginning of observations, was 26. Of these, 19 (73.1%) were harassed by 
juvenile males. New males were therefore no more likely to be harassed during 
mounting than established males.
Of the 433 adult mounts observed, 59 of these (13.6%) involved actual attack, i.e. 
where the mounter or mountee was physically contacted by the harasser. Fifty 
seven of the 59 (13.2% of total mounts) involved attacks by juvenile males (in the 
two other cases they involved juveniles of unknown sex). In most cases, a record 
was not made of whether the male or the female involved in the mount was 
attacked, but of the 14 cases where this information was recorded, juvenile males 
attacked only the adult male in 5 cases, only the adult female in 6 cases, and both 
the male and the female in 3 cases. Of the 57 mounts that were attacked by 
juvenile males, 16 mounts were successfiil (28.1%). Given that only 18.0% of all 
observed mounts were successful, these data do not indicate that attack of 
mounting couples by juvenile males had an adverse effect on the success of the 
mount, even though mounts are less likely to be successful when harassed 
generally.
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Association with Adult Troop Males
Juvenile males were frequently observed following adult troop males, particularly 
during the mating seasons when the latter were following receptive females. 
Consorting adult couples were often followed closely by one or more juvenile 
males, even when the pair moved far from the core of the troop. When adult 
females groomed or sat with the resident troop male, a juvenile male (and often 
but not always the female’s inferred son) would approach and try to interfere with 
or disrupt the grooming or association, for example, by jumping around near the 
couple, giving “trilling” vocalisations, by getting between the pair, or even by 
hitting at the adult male (usually his back or tail). Such behaviour was recorded on 
an ad libitum basis 28 times during 1506 hours of data collection, but since the 
behaviour was not recorded on every occasion, this figure only gives an idea of 
the minimum rate of occurrence. On at least 6 of these occasions, the adult female 
involved switched her attention away from the adult male, to groom the juvenile 
male. On other occasions the behaviour resulted in the adult couple separating. 
Juvenile females were never observed to perform these behaviours.
Juvenile males showed great interest in the genitals of troop males and on several 
occasions were observed to touch, inspect and sniff the genitalia of troop adult 
males. Seven such instances were recorded ad libitum. During this behaviour the 
adult male in question stood calmly and tolerated such inspection by juvenile 
males. This behaviour was not restricted to the mating season. Female juveniles 
and adults were never observed performing such behaviours, although adult 
females were observed on a few occasions to put their faces up to the genitals of 
adult males during the mating season.
Association with Males Outside Natal Troop
(a) Association with juvenile males from neighbouring troops 
Juvenile males from different troops were frequently observed interacting with 
one another (Figure 7.7). Such interaction usually involved play, although other 
behaviours were also observed among male juveniles such as grooming, agonism.
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mounting behaviour and simply sitting close (within Im) together. The observers’ 
subjective impression was that play among juveniles from different troops was 
more aggressive and energetic that that witnessed among juveniles belonging to 
the same troop. Play was occasionally observed between juvenile male samangos 
and juvenile vervets (sex unknown). In these cases, play usually involved “rough 
and tumble” play fights, although the vervet juveniles showed a greater propensity 
to form coalitions and generally appeared to be able to dominate the samango 
juveniles even in cases where the vervets were smaller.
Of the 266 scan samples carried out where the presence or absence of juvenile 
interaction among troops was recorded, there were 69 records (25.9% of scan 
samples) of interaction between male juveniles of the focal troop and a 
neighbouring troop since the previous scan sample (half an hour earlier). There 
were five records (1.9%) of interaction between juvenile males and vervet 
juveniles, and of these, three records also involved juvenile males from a 
neighbouring samango troop.
Interaction between juvenile males of different troops occurred in several 
contexts: (i) It involved juveniles interacting (see methods section for definition) 
while troops were in close proximity, and juvenile males of the different troops 
played, groomed, or fed together, (ii) Sometimes juveniles from one troop stayed 
with a neighbouring troop when their own troop moved away from the vicinity of 
the neighbouring troop, and these individuals carried on interacting with that 
troop’s juveniles. For example, on one occasion, data were being collected on B 
troop, which was contacted at mid-day. Four of the troop’s older juvenile males 
were missing from the troop and only rejoined the troop at IT.OOh when D troop, 
which they had apparently being travelling with, came into close proximity with B 
troop, (iii) Occasionally juvenile males from two or more troops were observed 
interacting together as a subgroup away (>50m) from any of their natal troops. 
Such a situation was observed five times during the main data collection period 
between April 1995 and November 1996 during 1506 hours of data collection. 
However, this is likely to be an extreme under-representation of this behaviour.
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given that data were collected mainly on troops so that troop-remote animals 
tended not to be observed.
Observations of female juveniles playing with juveniles from other troops were 
extremely rare and did not contribute to the records of juvenile interaction from 
scan samples, since the only two such instances observed occurred outside the 
systematic collection of these data. One involved a subadult female playing with a 
juvenile (sex unknown) from a neighbouring troop, before mounting it, and the 
other involved a juvenile female from A troop playfighting with a juvenile male 
from B troop.
Eight bouts of grooming between juveniles (always males) from different troops 
were observed and these always followed a play session between the participants. 
Six of these bouts contributed to the juvenile interaction events recorded during 
scan samples, and two were opportunistic observations.
(b) Association with Extratroop Males
Troop juvenile males were often observed to spend time associating with 
extratroop males (including juveniles, sub-adults and adult males). This occurred 
when extratroop males came close to troops, and the troop juveniles moved close 
to these males and interacted with them (playing, grooming or simply resting or 
feeding within a few metres of them). During a one day follow of a large all-male 
group during February 1997, the group came close (within 50m) of a troop on 
two occasions. In both of these instances, several juveniles from the troop visited 
the all-male group and interacted with some of its members. No aggression was 
ever observed between extratroop males and troop juveniles. Every juvenile male 
who emigrated from their natal troop during the study period was observed before 
emigration to spend periods of up to several hours and on one occasion overnight, 
well away (at least 100m from) their troops, travelling and interacting with 
extratroop males. Increasingly, as juveniles got older, they spent more time away 
from their troops, around extratroop males, until eventually they left their troop 
altogether.
226
Chapter 7: Development of Male Behaviour & Relationships
Behaviour Surrounding Emigration
Study troop resident males were observed on three occasions to show phases of 
aggression lasting several days/weeks towards the eldest juvenile male in the 
troop (all aged approximately five and a half years). In all of these cases, the 
juveniles were defended vigorously by coalitions of adult females in the same 
troop. In two cases (involving AMD attacking J2MR in A troop, and AMS 
attacking J2MJ in C troop) during the 1996 mating season, the juvenile males 
involved emigrated within a month of the onset of aggression fi'om the troop 
male. In the third case which involved AMSH attacking J2MN during the 1995 
mating season, AMSH did not succeed in driving the juvenile out of the troop, 
and J2MN remained in B troop for another year. The emigration of juvenile males 
fi'om their natal troops was not always accompanied by aggression fi'om the troop 
male (Table 7.5). When J2MN eventually left: B troop in 1996, AMN was the 
resident troop male, and no aggression fi'om AMN towards J2MN was observed. 
Neither did J2MD’s departure fi'om A troop appear to be accompanied by 
aggression. Several juveniles emigrated “voluntarily” (i.e. without observed 
aggression fi'om the troop male) fi'om the study troops and neighbouring troops 
towards the end of the 1996 mating season (Table 7.5). This occurred after J2MJ 
and J2MR had been ousted from their troops. Where juvenile males emigrated 
voluntarily, they tended to do so with juvenile associates (Table 7.5).
Patterns o f Association Among Extratroop Males
Due to the difficulties of observing extratroop males (see Chapter 2), systematic 
observations of associations among extratroop males could not be carried out, 
thus the discussion of such associations must be mainly qualitative.
Adult and subadult extratroop males were observed alone, or associating in all­
male groups. These groupings were often very short lived (minutes or hours) 
although, in some cases, males were observed in the same associations over 
several weeks. It cannot be determined from the available data if male-male 
associations last longer than this, but it is possible that some do. Some males 
spent the majority of time alone, but joined up temporarily with others in the area.
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or joined troops as satellite males. Aggressive coalitions of males against other 
males were observed. On two occasions, members of all-male groups were 
observed in aggressive episodes with a resident troop male. In these instances, 
extratroop males chased the troop male alternately and were chased by him. 
Coalitions were also observed in aggression among extratroop males. For 
example, one instance was observed where a group of three males was feeding in 
a fruiting tree. The two older males of the group both headbobbed at and chased a 
lone male that came close to the area. There were no female monkeys present so 
it is likely that they were defending the food source rather than potential mates.
Juvenile males were never seen travelling alone, but always as part of an all-male 
group containing adult or subadult males. Extratroop males, whether living alone 
or in an all-male group, had very temporary and variable day ranges and these 
always overlapped with more than one bisexual troop. Extratroop males tended to 
avoid encounters with bisexual troops, or if they were nearby, they generally 
remained hidden from the troop male’s view. Exceptions to this occurred in the 
mating season when extratroop males attempted to gain access to fertile females 
(see Chapters 4 & 5,) and during aggressive interactions with the troop male, 
which could have represented takeover attempts (see below). Extratroop males 
were not observed to give adult male loud calls (“boom” and “pyow”); fiirther 
evidence of their tendency to keep a low profile.
Relationships among males within all-male groups were neutral or affiliative, and 
grooming among these males was observed frequently. No agonistic behaviour 
was ever observed among members of an all-male group. From opportunistic 
instantaneous samples of males (adult, sub-adult and juvenile 2) in all-male groups 
(n = 104), in 8 cases individuals were involved in grooming bouts (7.69%). From 
instantaneous samples of males collected during a single day follow of a large all­
male group (n = 315), grooming was observed in 9 (2.86%) of cases. In all but 
one of these grooming samples (17 in total) the groomer was juvenile or sub­
adult, the single exception being an adult male, while the groomees were of all age 
classes (juvenile 2, sub-adult, and adult). Adult males were observed as groomers
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however, in three opportunistically observed bouts of grooming in all-male group 
members.
Events Surrounding Troop Male Replacements
Seven troop male replacements were observed during the study period, and these 
occurred during the first half of, or just prior to, the mating season (see Chapter 
4). Of these replacements, five involved takeover by an adult male that had been 
previously observed, and all of these had habitually travelled in all-male groups, as 
opposed to having a solitary life style. None of the replacements were observed 
from start to finish, but in all cases there was some evidence of aggression as 
either the new male or the ousted male had fresh wounds around the time of 
replacement. In three cases, the other members of the usurper male’s previous all­
male group were not observed again. In the fourth case, where AMD replaced 
AMB in A troop, a gradual replacement took place, where both AMD and his 
previous all-male group mate, AMF, both took up residence in A troop for several 
months. The fate of the juvenile that had been seen with them in the all-male 
group was unknown, since he had had no distinguishing features by which he 
could be recognised again. The original incumbent male, AMB, received serious 
wounds during the gradual takeover, and both AMD and AMF were observed to 
fight with him, although not simultaneously. Almost no aggression was observed 
between AMD and AMF throughout the 1996 mating season when they both 
resided in the troop (and no contact fighting) in spite of the fact that both had a 
high rate of mating in the troop (see Chapter 4) and there was a high level of 
aggression among males on the periphery of the troop at that time. AMB 
appeared to be a peripheral male for much of the 1996 mating season in that he 
interacted infrequently with troop members and eventually disappeared in 
December 1996. AMF remained associated with the troop for longer, but 
eventually moved away to become an extratroop male, leaving AMD as the sole 
resident male of A troop. The final male replacement in Table 7.6 was recorded by 
Karen Chapman (pers. comm.) and involved the replacement of AMD in A troop 
by AMX, the alpha male of a large all-male group (AMG4) containing several 
newly emigrated (within the previous six months) juvenile males from the study 
troops and neighbouring troops. The initial attack on AMD was not observed, but
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he was found away from A troop with severe wounds including a broken right 
forelimb. AMG4 were nearby and several of its members were observed making 
attacks on AMD. AMF was in the vicinity but was not observed to show any 
aggression towards AMD. AMX emerged as the new resident male of A troop, 
after several aggressive episodes with AMF. AMF left with the other members of 
AMG4 and remained with that all-male group thereafter (Chapman, pers. comm.).
Discussion
In post-emigration samango males, association with other males appears to be an 
important feature of life. Many extratroop males travel together in small all-male 
groups, and even those that are sometimes observed alone, associate and feed 
together with other extratroop males on occasion. Relationships among males in 
all-male groups were amicable and affiliative. All-male group members were 
observed to feed and rest together in the same tree and sometimes in very close 
proximity to each other. Occasionally they were observed to groom together, 
although they tended to groom “up” the age hierarchy, with juveniles and sub­
adults grooming others more than adults did.
This study provides evidence to suggest that extratroop males who associate 
together may cooperate or facilitate the takeover of troop residency by one of 
their group. Coalitions of extratroop males were observed in aggression against 
troop males and in one instance this preceded a troop male replacement. In 
addition, every male who took over a troop and who had been observed prior to 
the takeover, previously associated with others in an all-male group, as opposed 
to having a solitary life style. Other advantages that males may gain through 
associating with other males after emigration from their natal troops could include 
predation avoidance and increased feeding opportunities. Predation avoidance 
may be particularly important for juvenile males, since they are more likely than 
adults to be vulnerable to predator attack (Cheney & Seyfarth 1983). Several 
troop juveniles who were too young to have emigrated disappeared during the 
study period and indeed one fatal attack by a crowned hawk eagle on a juvenile 
troop male samango was observed (see Chapter 8). In support of the predation 
avoidance hypothesis, extratroop juvenile males were never observed to travel
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alone; they always travelled with at least two other older males. Males may also 
increase their feeding opportunities if they can form coalitions to ward off 
competition from other extratroop males; they appear to be competitively 
excluded from the feeding areas of bisexual troops given that they tend to avoid 
these.
As males associate with one another after emigration and there is potential for 
them to benefit through this, it is expected that juvenile males should strive to 
develop and maintain relationships that will benefit them after emigration. In 
common with those cercopithecine primates for which data are available (Fagen 
1993), juvenile male samango monkeys play more than their female counterparts 
and show a strong tendency to choose male partners for play. Play appears to 
allow for juvenile males to practice fighting skills for aggressive combat with 
other males later in life (in order to be able to increase access to females). It is 
also possible that males use play to assess their own strength and rank in relation 
to their male peers, with whom they will compete in the future. Juvenile males 
also show a significant tendency to associate with other juvenile males (nearest 
neighbours). Juvenile males had adult males as nearest neighbour less than 
expected, however this result may not accurately reflect the relationship between 
juvenile and adult troop males. During the mating season in particular, groups of 
juvenile males tended to follow the troop adult male around particularly when he 
was consorting with a female, but although the juveniles were near the adult male, 
they were likely to have other juveniles as their nearest neighbour. While juvenile 
males groomed other juvenile males more than expected, they showed the 
strongest tendency to groom and be groomed by adult females.
Juvenile males frequently interfere with adult females grooming adult males. They 
become visibly distressed and sometimes make aggressive vocalizations towards 
the pair. Sometimes they try to get in between the grooming couple and these 
behaviours often lead to the female switching her attention to the juvenile male 
and grooming him instead. While observing this sort of behaviour it was tempting 
to speculate that the juveniles were somehow “showing” the adult male how 
strong their bond with the adult female was. Given that instances of aggression by
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the troop male against juvenile males, where the former appeared to be attempting 
to oust the latter, was strenuously defended by coalitions of adult females, it may 
be important for juvenile males to attempt to maintain close relationships with 
females that might defend them. This may also explain the strong grooming 
relationships that juvenile males maintain with adult females.
Harassment of relations between adult males and females manifests itself more 
dramatically in the high level of harassment of mating by juvenile males. The 
harassment often caused the mating to cease, and this would often be followed by 
the adult male chasing one of the juvenile harassers. No injuries to juvenile 
harassers in such a context were directly observed; the adult male would often 
chase the juvenile well out of sight of the observer. However, some juvenile males 
sustained wounds during the mating season when most harassment took place, 
and it is suspected that this may have been as a result of retribution for 
harassment. Why should juveniles perform this potentially highly costly behaviour 
when they are in no position to inseminate the adult female themselves? The most 
often proposed hypothesis as to why juveniles harass matings is related to mother- 
offspring conflict (Trivers 1974), that is, juveniles are trying to prevent the 
conception of a sibling rival that would take their mothers’ attentions away fi'om 
them (Niemeyer & Anderson 1983; Gore 1986; Sommer 1989). In the present 
case, the evidence for this is weak, since most instances of harassment by juvenile 
males were not directed towards the harasser’s mother. The mother-offspring 
conflict theory would predict that female juveniles should also try to prevent their 
mothers conceiving, but mating harassment by juvenile females was not observed. 
In many cases of harassment by juvenile males, they were harassing the matings of 
females who were not even in their troop. In cases where mothers were harassed, 
the harassers were beyond the age when they were dependent on their mothers’ 
milk and most had younger siblings, so it seems unlikely that the juvenile males 
could benefit a great deal from preventing their mothers from conceiving, 
although it could be argued that it is possible that the juveniles could benefit from 
their mothers’ less divided attention. An alternative possibility is that harassment 
gives the subordinate juveniles the opportunity to approach, examine, and 
threaten the dominant adult male when he is in a position where it is relatively
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difficult for him to retaliate (see Walters 1987). It is tempting to speculate that 
again the juvenile males may be trying to assert or maintain their relationship with 
the adult females, who appear to have a some capacity to ensure their residence in 
the group in the face of resident male aggression. Another possible fimction of 
mating harassment is practice for mating competition in later life, as suggested by 
Sommer (1989) in explanation of this behaviour in juvenile male Hanuman 
langurs. This hypothesis is not contradicted by observations of samango monkeys, 
although the mating harassment observed involving juvenile male samangos was 
qualitatively different to that observed in adult males in terms of the type of 
vocalizations made by the harassers, and the fact that juvenile harassers were 
sometimes observed to physically attack the mating couple while adult male 
harassers were not. The fact that a large proportion of harassments involved two 
or more juvenile males, sometimes even from different troops, may suggest that it 
is a bonding mechanism among males that precedes coalitionary aggression later 
in life.
Juvenile males spend a large proportion of their time associating with the juvenile 
males from other troops and with juvenile, sub-adult and adult males in all-male 
groups. This is clearly important if, after emigration, these males will eventually 
join up with others with whom they have associated. In the majority of cases 
where the fate of a juvenile male was known after emigration, they joined up with 
males that they had previously associated with while in their natal troops. This 
appears to be similar to behaviour reported in other species. In both patas 
monkeys (Gartlan 1975) and gelada, Theropithecus gelada (Dunbar & Dunbar
1975), young males leave their natal groups temporarily to interact with 
extragroup males or male peers, and this interaction is thought to facilitate 
eventual emigration. Juvenile male Japanese macaques show a great interest in 
solitary or peripheral males and may join up with these at emigration (Sugiyama
1976).
Juvenile troop males show a great interest in the troop male and were often seen 
travelling in a procession following the troop male around particularly in the 
mating seasons. They also show a great interest in the genitals of adult males, and
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curiously, the adult males stand still and tolerate the juveniles touching and 
sniffing their genitalia from behind. It is possible that this has some kind of status 
recognition or appeasement function. In vervets, subordinate males were observed 
handling the scrotum of the alpha male during submissive displays (Heim 1985). 
In olive baboons, Papio anubis, males have been observed to mount one another, 
and the mounts were often accompanied by genital handling by the usually 
subordinate mounter (Owens 1976), although in a study by Smuts & Watanabe 
(1990) of olive baboons, in young-old male dyads it tended to be the dominant 
animal that performed this gesture.
Cercopithecine primates show female philopatry and male dispersal. Why should 
males leave their group, given the benefits of group living which may include 
protection from predators and access to food resources, and given the potential 
hazards of leaving, including aggression from conspecific strangers? Males may be 
forced to leave to avoid inbreeding if the offspring of relatives are less viable, as 
has been suggested by the work of Ralls & Ballou (1982). Inbreeding depression 
may be more expensive for females than males, since females bear the brunt of the 
cost of producing offspring, but this may mean that females are less inclined to 
mate with males bom within their troop. In addition to the avoidance of 
inbreeding, there are two other potential reasons why males may decide to leave 
their natal troop. These are (a) intra-sexual competition, i.e. they may be forced to 
leave because of aggression from male(s) in their natal troop, and (b) males may 
be seeking better resources elsewhere, and these could include access to fertile 
females.
In the present case, aggression from adult males in the natal troop was a potential 
contributory factor in the emigration of the eldest juvenile male of both A and C 
troops during the 1996 mating season (J2MR and J2MJ), while the eldest juvenile 
male from B troop (J2MN) emigrated apparently without troop male aggression. 
The emigration of these older juvenile males was followed by the emigration of 
younger juveniles from the same troops and the latter joined up with the former in 
a large all-male group, which also included two to three adult and sub-adult males 
whose origins were unknown. Before emigrating permanently, the younger males
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would spend short periods travelling with the other males before returning to their 
troop. It appeared that the departure of many of the juvenile males from their 
troop was facilitated or encouraged by the fact that many of their peers were also 
emigrating. In 1995 J2MD emigrated without any apparent aggression from the 
troop male and he joined up with a pair of older males. It is not known to what 
extent he had associated with these males prior to emigration, although they had 
been seen in the area beforehand so that it is likely that his troop had come into 
contact with them previously. Given that juveniles show a propensity to interact 
with extratroop males close to their troops, it is likely that J2MD was familiar 
with the two males he joined up with before emigration. Emigration, then, appears 
to be stimulated by either intra-sexual aggression or the opportunity to join up 
with familiar males which might increase chances of fiiture survival and 
reproductive success.
There is evidence that troop adult males are not prepared to allow males 
bordering on sub-adulthood to remain in the troop. The two males, J2MR and 
J2MJ, who received aggression from their troop adult males had begun to show a 
sexual interest in adult females although it is unlikely that they were sufficiently 
developed to inseminate them. However, other juveniles appeared to be 
stimulated into leaving their troop by the fact that they had peers available to 
emigrate with and join up with for extratroop life. Given that these males would 
have had to leave their troops at some point, it was perhaps better to leave when 
they could do so with individuals that they were familiar with and who could 
represent future alliance partners. There is no direct evidence that males leave 
their natal troops in order to gain access to fertile females since they live an 
extratroop life after emigration, and leave their troops at a stage when they are 
unable to inseminate females. However, given that in order to gain access to 
females, males must live a successful extratroop life, emigration and association 
with other males is the first step in their reproductive career.
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Summary
The types of behaviour juvenile male primates perform and the social relationships 
they invest in are likely to depend on the type of relationships they need to 
compete successfiilly as adults. This chapter examines the association patterns and 
relationships between samango males as adults, and then looks at the behaviour of 
juvenile male samangos to see how they prepare for this adult life. Many 
extratroop adult males travel together in small all-male groups, and even those 
that are sometimes observed alone, associate and feed together with other 
extratroop males on occasion. Advantages males may gain through associating 
with others could include predation avoidance and increased feeding 
opportunities, and there is evidence that males who associate together may 
cooperate or facilitate the takeover of troop residency by one of their group. It is 
therefore expected that juvenile males will behave in a way that optimises their 
chances of acquiring these benefits.
Juvenile male samango monkeys play more than their female counterparts and 
show a strong tendency to choose male partners for play. It is likely that play for 
juvenile males practices fighting skills for aggressive combat with other males 
later in life in order to be able to increase access to females. Juvenile males spend 
a large proportion of their time associating with other juvenile males in their troop 
and fi'om other troops and with extratroop males. In the majority of cases where 
the fate of a juvenile male was known after emigration, they joined up with males 
that they had previously associated with while still in their natal troops. Juvenile 
males spent much of their time during the mating season harassing consorting 
couples, and disrupting their attempts to copulate, usually in concert with other 
juvenile males. Possible functions of this behaviour include practice for mating 
competition in later life, and bonding among males, that precedes coalitionary 
aggression which may occur after emigration fi'om their natal troops. Thus, as 
predicted, it appears that juvenile males do indeed foster relationships and practice 
behaviours that are likely to benefit them in future life.
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Predation by the Crowned Eagle {Stephanoaetus coronatus) on the 
Samango Monkey (Cercopithecus mitis erythrarchus) and 
associated samango behaviours
Introduction
The crowned eagle is known to be an important predator of African monkeys 
(Gautier-IBon & Tutin, 1988; Struhsaker & Leakey, 1990; Baldellou & Henzi, 
1992; Maisels et al, 1993) and has previously been observed predating on 
Cercopithecus mitis (Jaarsveld 1984). This chapter reports observations at Cape 
Vidal, South Africa, of samango alarm calls and responses to the appearance of 
crowned eagles; defensive behaviour by samango adult males in the presence of 
crowned eagles; and the events surrounding a fatal crowned eagle attack on a 
juvenile samango.
The importance of adult males in deterring predators has been emphasised for 
primate species habitually living in multimale groups (van Schaik & van 
Noordwijk, 1989; van Schaik & Horstermann, 1994). The eagle attacks reported 
here highlight the role of resident males in the defence of unimale troops.
Methods
For a full description of the Cape Vidal study site, see Chapter 2. Observations of 
samango behaviours in the presence of eagles were recorded on m  ad libitum 
basis. All instances of “goh-train” vocalizations (see below) and sightings of 
crowned hawk eagles in the vicinity of samango troops were recorded, along with 
as much contextual information as possible. Most observations here are the 
author’s (M.M.) but are supplemented by those of two additional observers 
(P.Carter and H.Payne).
Vigilance behaviour was recorded during instantaneous scan samples (see Chapter 
2 for methods and definition), and levels of this behaviour were compared 
between adult males and adult females.
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Results
Alarm Vocalizations and Vigilance:
Samango troops at Cape Vidal typically responded to the appearance of crowned 
eagles by giving alarm calls. In common with other guenons, only adult males 
gave long distance calls (Marier 1973; Butynski et a/. 1992; Hill 1994), and only 
troop living males were known to give long distance calls. The alarm calls of 
samango adult females/juveniles and those of adult males were very different, 
although it seems that younger troop males may also sometimes give at least a 
version of the adult male alarm call; see below. Adult females and juveniles 
produced “chirp” and “click” alarm calls. The "click" was relatively quiet and 
could only be heard by the observer when standing among the troop, i.e. within 
30-50m of the source. The same was true of the “chirp” which tends to be uttered 
sporadically by several individuals throughout the period of alarm. The adult male 
alarm call, in contrast, was extremely loud and carried well over 200m (range 
could only be estimated in the absence of specific tests, but see Brown 1989).
Here I describe the male call as a "goh” train (GT). Marier (1973) has described 
three long distance calls in adult male blue monkeys {Cercopithecus mitis)\ 
“booms”, “pyows” and the “ka-call”. Goh trains are likely to be equivalent to 
Marier’s ka-calls and to the blue monkey “eagle alarm call” of Tsingalia & Rowell 
(1984). GTs were given in rapid sequences of more or less identical repetitions.
GTs were heard rarely. During 1124 hours of observer contact with three study 
troops, 13 GT bouts were heard in the troop being observed (0.012 per hour) and 
eight of these bouts were preceded or followed by GT bouts fi'om at least one 
other troop. Other observations of this behaviour (n=17) were made 
opportunistically, while in contact with study or non-study troops. Typically, one 
would hear a GT fi'om one troop male, then it would start up from another, and 
another and so on as the eagle was flying over the area. Vervet male loud alarm 
calls were also sometimes heard at the same time as, just prior to, or just after, 
samango GTs.
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It was not clear whether or not adult males were better than other troop members 
at detecting eagles. "Click" and “chirp” alarms were difficult to detect when the 
observer was greater than 50m from the troop and so in these cases GTs were 
heard first, but of 13 occasions when alarm calling occurred while the observer 
was in contact with the troop, clicks were heard before GTs on 8 of these (62%). 
However, when troop members click or chirp, they may not be responding 
directly to the predator while adult males do appear to signal “honestly” in 
response to aerial predators: on the basis of only three direct observations of adult 
males commencing a GT bout when the eagle was visible to the observer, the 
males appeared to GT only as the eagle comes into their field of view. P C saw a 
troop male see an eagle and then GT while another nearby troop male (belonging 
to a different troop) responded by scanning above him, but the eagle was not 
visible to the second male and he did not GT. Clicks and chiips, on the other 
hand, occur in response to alarm calls of samangos and other animals in the 
distance, and even disturbances such as tree falls, as well as to the presence of the 
eagle itself.
Adult males were significantly more vigilant than adult females as measured 
during instantaneous scan samples performed during troop follows (see Scan 
Sampling, Chapter 2). Resident troop adult males showed vigilance behaviour in 
645 samples (n = 1599) and adult females in 1084 samples (n = 6692): =
455.66, df = 1, p<0.001.
Adult Male Behaviour:
Troop members other than adult males typically responded to the appearance of 
an eagle, or to alarm calls, by quickly retreating into low and unexposed parts of 
the canopy. The adult male of the troop, however, usually stayed high up in a 
relatively exposed spot while GTing. Adult male C.mitis have been reported as 
having been prey of crowned eagles (Jaarsveld 1984; Struhsaker & Leakey, 
1990), so it would seem that the troop male could be putting himself at some risk 
through this behaviour.
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On one occasion (25/06/96) M.M. was with study troop B and two other troops 
were nearby. The monkeys were feeding quietly. Suddenly several adult males (at 
least 3) started GTing and other troop members were chirping. A crowned eagle 
swooped overhead three times; each time the calling intensified. Three adult males 
(including the B troop male) were in view of the observer in exposed positions, 
while the other troop members were under cover. The eagle landed on an exposed 
horizontal trunk and an adult male samango (unidentified) charged at it fi’om 
several metres away, causing the eagle to fly off. It did not return, the calling 
subsided and the troops resumed their normal behaviour.
On another occasion (21/01/97) M.M. heard several GTs at 14:18 coming fi'om 
an area in P troop’s range (P troop was not a study troop and only the resident 
adult male, AMC, could be individually identified). At 14:19 another GT started 
and screeching was heard; at this the GTing and “clicking” intensified. The 
observer moved quickly to where P troop were. On approaching, AMC was 
observed sitting in a tree next to the trail Im off the ground. He was staring at 
something on the other side of the trail and jumping agitatedly and shaking 
branches. At 14:20 as the observer approached to within 10m of AMC, a crowned 
eagle flew up fi'om the other side of the trail and flew off down the slope towards 
the sea. It had been 5m from AMC, in the place that AMC had been staring and 
demonstrating at. As the eagle flew up, AMC gave another bout of GTing and he 
rushed up and sat in an exposed spot at the top of a tree being vigilant towards 
where the eagle had gone. For the next seven minutes he sat there and gave loud 
“pyow” calls. Then he moved out of view and the pyow calling stopped. 
Meanwhile, other monkeys chirped and clicked as they had been heard to do since 
the observer got close enough to the troop to hear these vocalisations. It is not 
known if the clicking/chirping started before or after the GTs. No monkeys other 
than AMC were observed as the rest were under cover in the thick bush. The 
thick undergrowth prevented anything more than a very superficial search of the 
place where the eagle had been for signs of an injured monkey. No sign of 
predation was found and the eagle did not appear to be carrying anything when it 
flew off.
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Fatal Attack on a Juvenile Samango
On 27/02/96 H.P. was collecting data on C troop whose range overlaps with A 
troop, and made the following observations: At 12:41 GTs and chirping were 
heard coming from A troop (less than 50m away). At 12:43 alarm calls were still 
going on in A troop and also in C troop at this point. On arrival at the centre of 
the commotion the observer disturbed a crowned eagle which flew up from the 
ground. This elicited very intense alarm calling (clicks, chirps and GTs) in A 
troop. A large juvenile male (nearly subadult) gave a GT from about 15m from 
the eagle. Other A troop members were within 20m of the eagle. On the ground 
where the eagle had been was the body of a juvenile male. He was still alive and 
was breathing in a heavily laboured fashion. He had a wound in the middle of his 
chest and died shortly afterwards (crowned hawk eagles are precision killers and 
usually dispatch their prey by piercing the heart (Struhsaker 1997)). There were 
several clumps of hair on the ground around him, so the eagle must have started 
plucking the monkey before being scared off by the observer. At 12:51 the 
observer sat concealed, 30m away waiting for the eagle to return. Troop A 
monkeys were still giving alarm calls. 12.55 - troop A started to move away 
although they were still chirping a little. 12.56 - the eagle landed about 20m from 
the body and then flew to 10m. AMB, the troop male of A troop, suddenly 
appeared and chased the eagle which flew away. The body was recovered by the 
observer. The juvenile male weighed 1.6kg and his estimated age was 2.5 - 3 
years old.
Discussion
There is no evidence here to say whether or not males are better than others at 
detecting predators. Adult males are certainly more vigilant than adult females, 
but males may be more concerned with looking out for other adult males than 
predators (Baldellou & Henzi, 1992). Unlike other troop members it appeared 
that adult males responded to their own sightings of the eagle flying over their 
troops, and not to the calls of others. This suggests that the GT call could serve to 
alert the predator that it has been detected (“perception advertisement 
hypothesis”: Flasscamp 1994, cited in Zuberbuhler et al. 1997), and that it may
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even risk being attacked by the calling male, as suggested by Zuberbuhler et al. 
(1997) for diana monkeys, Cercopithecus diana.
It is clear that at least some adult males are prepared to make efforts to deter 
predation by crowned eagles. It may be adaptive for a male to do this if he is 
protecting his own offspring and/or mating partners. AMB, the resident male of A 
troop had been in residence since observations began in January 1995 and it is 
very likely that he had sired at least the three infants present in the troop at the 
time of the observed eagle attack, if not also some of the troop’s juveniles. AMC 
had been the resident male of P troop since August 1995 and probably sired some 
or all of the infants and one-year-olds present in P troop at the time of the 
reported observations. Defence of troops from predators by adult males has been 
observed in other Cercopithecus spp., e.g. C. aethiops (Baldellou & Henzi, 
1992); C.nictitans (Gautier-Hion & Tutin, 1988); C.mitis stuhlmanni (Cords, 
1987a), although this behaviour was not observed by Cordeiro (1992) when he 
observed crowned eagles flying over a troop of C.mitis at Lake Manyara, 
Tanzania. Such troop defence may represent one reason why a male should (or 
should be allowed to by troop females) remain in the troop outside the mating 
season in these seasonally breeding monkeys.
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Conclusions
Here, the questions posed in the introduction are repeated and discussed in light 
of the information provided by this study. There follows an elaboration of the 
general question of how and why male and female guenons associate together and 
how they optimise their chances of reproductive success, with a discussion of 
areas for future research.
1. Hem do males compete fo r matings with females? Which sexually selected 
behaviours are most important in shcping the mating system o f samango 
monkeys?
Based on their level of sexual dimorphism in body size and their breeding 
seasonality, samango monkeys were predicted to show a high level of aggressive 
intrasexual conq)etition among males for access to females with little evidence of 
inter-sexual selection, in the form of female mate choice or males behaving in such 
a way as to “persuade” females to mate with them. These predictions held true to 
a certain extent in that males were highly aggressive towards one another in the 
presence of receptive females and did not groom females or coerce them into 
mating. However, it was also apparent that there was ample potential for female 
choice of mates and some females went out of their way to mate with males other 
than their own troop resident. The results suggest that while males have the 
potential to increase their reproductive success through physical combat with 
other males and aggressive defence of access to females, the females themselves 
play a significant role in influencing male mating success and male membership of 
their troops.
2. What strategies do males employ to gain access to females and what are the 
relative profitabilities o f these strategies?
In samango monkeys, males have the option of either attempting to become a 
resident troop male by aggressively ousting the incumbent and subsequently
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defending access to the troop females from other males, or he can remain an 
extratroop male and mate with females opportunistically when possible. In this 
study of Cape Vidal samango monkeys, troop males were observed to be very 
much more successful in achieving matings than extratroop males. These results 
suggest that rather than being a lifetime reproductive strategy of equivalent merit 
to the primary strategy, being an extratroop male is a tactic followed by males in 
order to increase their total lifetime reproductive success, at times when they are 
unable to become a resident troop male. Comparison with studies of other 
populations of Cercopithecus mitis suggests that this conclusion cannot be 
regarded as hard and fast for the species, and that the relative profitabilities of 
different male strategies are likely to be affected by ecological and demographic 
factors.
3. What factors determine the number o f males associating with troops in the 
mating season?
It was hypothesised that the number of males associating with troops would be 
correlated with the number of simultaneously fertile females they contained. 
However, no such relationship was found, and instead, the number of males 
entering troops during the mating season was related to the number of females 
showing proceptive behaviour, which itself was not necessarily linked to fertility. 
This suggests that males are unable to reliably detect ovulation, and that females 
have the potential to manipulate male behaviour to a certain extent, reinforcing 
further the proposition that females have a significant influence on male 
behaviour.
Factors in addition to female proceptivity are likely to affect a male’s ability to 
monopolise females and therefore to affect the number of males that can gain 
access to a group of females. An interpopulation comparison tentatively suggests 
that the level of male-male competition (measured by the operational sex ratio), 
the distance between groups of females (measured by population density and 
home range size), and the opportunity for males to form alliances, may all affect 
the likelihood of multiple males entering troops during the mating season.
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4. Is infanticide a feature o f the study population, and i f  so, what affects its 
occurrence? Is there evidence that infanticide risk has played a part in the 
evolution o f the social and mating system o f samango monkeys?
Infanticide after troop male replacement was observed in the study population and 
observations suggest that it is a highly adaptive behaviour for the infanticidal 
male, having the potential to significantly increase his reproductive success, 
particularly where tenure length is short. Females show anti-infanticidal 
behaviours such as forming coalitions against an infanticidal male in defence of 
infants, and an increase in proceptive behaviour towards infanticidal or potentially 
infanticidal males. A comparison with data fi'om studies of other C  mitis 
populations shows a positive association between incidence of infanticide and the 
level of male-male competition for access to females, as measured by the rate of 
troop male replacement, and the ratio of males to females in the population.
Infanticide risk could affect the association between males and females as it is 
possible that the incidence of multimale influxes preceding a male takeover 
reduces the probability of infanticide by reducing the profitability of such 
behaviour by males through paternity confusion. If females are able, as postulated 
above, to encourage multimale influxes through their proceptive behaviour, then 
this could represent an anti-infanticide strategy.
Infanticide risk could also potentially explain permanent male-female association 
in guenons since one reason why a male remains resident in a troop where he is 
likely to have sired infants may be to avoid the killing of his offspring by another 
male.
5. How do males associate together and how do these relationships develop? Is 
there any evidence o f co-operation among males?
Many extratroop adult males travel together in small all-male groups, and even 
those that are sometimes observed alone, associate and feed together with other 
extratroop males on occasion. Advantages males may gain through associating 
with others could include predation avoidance and increased feeding
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opportunities, and there is evidence that males who associate together may 
cooperate or facilitate the takeover of troop residency by one of their group. It is 
therefore expected that juvenile males will behave in a way that optimises their 
chances of acquiring these benefits. Results fi'om the present study suggest that 
this is indeed the case. Juvenile males preferentially play with and associate with 
other juvenile males before they emigrate from their natal troop. Also prior to 
emigration, they leave their troops for periods of increasing duration as they get 
older to spend time with juvenile males fi'om other troops and with extratroop 
males. When males finally emigrate from their natal troops at around puberty, they 
typically join up with males that they had previously associated with in this way.
6. How does predation risk affect the behaviour o f samango monkeys? Is there 
any evidence that males associate with female troops fo r reasons o f defence o f 
the troop from predators?
Of all individuals in samango troops, adult males are the most active in deterring 
predation by crowned hawk eagles, at some potential cost to themselves. It may 
be adaptive for a male to do this if he is protecting his own offspring and/or 
mating partners. Such troop defence may represent one reason why a male should 
remain associated with a troop where he has been reproductively active, outside 
of the mating season.
One major conclusion that may be drawn from these results is that females may 
exercise significant control over the access that individual males have to bisexual 
troops and have the potential to choose their mating partners. This echoes 
findings in other primate field studies which indicate the prevalence of proceptive 
behaviour in females, that is, active sexual solicitation of particular males by 
females. Such active proceptivity by females towards males other than their unit 
male, or the most dominant male in their group has been documented for a variety 
of primate species including, among others, blue monkeys, C. mitis. stuhlmanni 
(Tsingalia & Rowell 1984; Cords et al. 1986; Cords, in press), Hanuman langurs, 
Presbytis entellus, (Hrdy 1977), patas monkeys, Erythrocebus patas, (Chism & 
Rodgers 1997), Japanese macaques, Macaca fuscata (Perloe 1992), and squirrel 
monkeys, Saimiri oerstedii (Boinski 1987). Female samangos may also have the
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potential to affect male presence in their troops by forming alliances with males 
and thereby influencing the outcome of male conflicts. Such effects have also been 
reported in vervets, Cercopithecus aethiops, (Raleigh & McGuire 1989); Tibetan 
macaques, Macaca thibetana (Zhao 1993) and woolly monkeys, Lagothrix 
lagotricha, (Macleod 1993).
Female mate choice is clearly important and the criteria upon which females base 
their choices suggested by these results may include inbreeding avoidance and 
infanticide avoidance. There is also the possibility that females could encourage a 
male to reside in their troop on the basis of his ability to defend the troop against 
predators or defend resources against other troops. Insufficient data are available 
to test these hypotheses in the present study, however.
Female choice clearly affects the profitability of different male strategies, (and 
therefore the fi-equency of their occurrence) and this varies between populations 
and within populations over time. However, it should be noted that reproductive 
success in male C.mitis has only ever been estimated based on measures of mating 
success. Such a measure may be an unreliable indicator of reproductive success, 
since matings in forest monkeys are difficult to observe and many instances of 
copulation are likely to have been missed by the researcher, particularly those that 
happen remotely fi'om the troop. In addition, mating success does not necessarily 
reflect reproductive success since a male could perform a minimal number of 
matings with a given female and still sire her offspring if copulation occurred 
during the periovulatory period. Categorical answers to the crucial question of 
how male mating strategies affect their reproductive success await genetic 
analyses (e.g. DNA fingerprinting) to determine paternity of infants bom in 
troops, as well as detailed behavioural data on individual males. Genetic analysis 
represents a very important new area of behavioural ecology in terms of 
determining the reproductive outcomes of different behaviour patterns and how 
genetic relatedness affects social relationships. Primate studies in this field are at a 
relatively early stage, and although important information has been obtained for 
several species concerning the mating success of males and their reproductive 
success through genetic analyses, very few such studies have been performed on
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wild, free-ranging populations. Those that have, include work on patas monkeys 
(Ohsawa et al. 1993), baboons, Papio cynœephalus (Altmann et al. 1996), 
chimpanzees. Pan troglodytes (Gagneux et al. 1997), red howler monkeys, 
Alouatta seniculus (Pope 1990) and long-tailed macaques, Macaca fascicularis 
(de Ruiter & van Hooff 1993). During fieldwork for this study of samango 
monkey reproductive strategies, blood, hair, tissue and/or faecal samples were 
obtained from many of the study subjects (90 individuals in total), and it is 
planned that the next step in elucidating the reproductive strategies of samango 
monkeys will be the genetic analysis of these samples in order to determine the 
reproductive outcomes in terms of paternity of the observed behavioural 
strategies.
In Cercopithecus mitis, and in other forest guenon species for which data are 
available, variation in mating opportunities may explain temporary influxes of 
adult males during some mating seasons (Cords, in press), but why these males do 
not stay and form a permanently multimale troop as in many other Cercopithecine 
taxa remains difficult to explain. Cercopithecus mitis groups containing as many 
as 12 adult females (Butynski 1990) or 15 adult females (Cords, in press), and 
patas groups containing as many as 22 adult females (Chism & Rowell 1988) have 
been observed, and these groups have only one permanently resident adult male. 
However, Andelman (1986) and Altmann (1990) asserted that primate groups 
containing more than 10 females are expected to be multimale.
The question of why most guenon species have only one permanent adult male 
even where female group size is relatively large, remains to be answered 
satisfactorily. This could, perhaps, be elucidated through a comparison of unimale 
troop living guenons with those that live in multimale groups. We then must ask 
the question: why do the majority of guenon species (including samango 
monkeys) and the closely related patas monkey, usually have a single, permanently 
resident adult male in their troops, while other guenon species, namely swamp 
monkeys {Allenopithecus nigroviridis), talapoins {Miopithecus talapoin), and 
vervets, live in permanently multimale groups? Talapoin and swamp monkey 
groups tend to have larger group sizes than other unimale group guenon species.
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but as vervet monkey group sizes fall within the range of those of other guenons 
(Cords, in press), variation in numbers of females in groups cannot necessarily 
explain the presence of only a single permanent resident male in guenon troops. 
Vervet monkeys have relatively short interbirth intervals (Cheney et al. 1988) and 
tight birth seasonality (Butynski 1988) meaning that vervet groups in some cases 
may have a greater chance of containing a larger number of synchronously 
receptive females than other guenon groups and therefore be less defensible by a 
single male. Neither the length of interbirth interval nor the degree of breeding 
seasonality in vervets lie outside the range of unimale guenons or patas monkeys, 
however (Cords, in press), so cannot by themselves explain the permanent 
presence of multiple males in vervet groups.
The fact that groups remain permanently multimale outside of the mating season 
in vervets, swamp monkeys and talapoins, suggests that factors other than female 
fertility and mating opportunities may be involved. Henzi (1988) and Baldellou & 
Henzi (1992) have suggested that predation risk may be a factor selecting for 
multimale presence in vervet groups. These authors view subordinate males as 
being “parasitic” on the group in terms of predation avoidance benefits since they, 
themselves, do not provide extra help in this regard: the top-ranking male was the 
most vigilant and active against predators. There is evidence that talapoins might 
gain a predation defence benefit fi’om the presence of multiple males in their 
groups, since males position themselves at the periphery of the group during the 
night, thus guarding the access route of potential predators to other group 
members (Gautier-Hion 1970). However, in order to make the assertion that 
predation risk is the causal factor in permanent multimale group formation in 
guenons and their relatives, it is necessary to show that the multimale species 
suffer greater predation risk than unimale group living species. At present, 
insufficient data are available to do this. It could be suggested that vervets are 
particularly vulnerable to predators because of their open-habitat, semi-terrestrial 
existence, which is viewed as a more hazardous environment than the arboreal 
habitat of most guenon species (Dunbar 1988). However, patas monkeys live in 
similar habitats to vervets (sometimes inhabiting the same areas) (Cords, in press), 
yet patas normally live in unimale groups. Thus, it is difficult to use predation risk
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to explain the permanent presence of multiple males in vervet groups, unless 
vervets and patas monkeys rely on different predator avoidance mechanisms.
Cords (in press) suggests that phylogenetic factors may be involved in the 
variation in male troop residency in guenon species and notes that Allenopithecus 
and Miopithecus are generally viewed as having branched off from the other 
guenons early in the evolution of this taxonomic group. The situation for vervets 
and patas monkeys is less well known, and the debate over the phylogenetic 
history of this group is ongoing (Disotell 1996). Some evidence for the assertion 
that multimale groups in vervet monkeys have arisen through evolved behaviour 
comes from observations that male vervets possess brightly coloured genitalia and 
a suite of genital display behaviours that indicate dominance or subordinance, 
facilitating the coexistence of several adult males in a group (Henzi 1985). Such 
behaviour and genital colouring have not been reported in other guenon species, 
although the present study reveals a previously unreported behaviour occurring 
among male samangos, where a subordinate male (usually juvenile) touches and 
sniffs the genitals of a dominant male. It is possible that this behaviour serves 
some sort of status recognition or appeasement function but it is in no way as 
sophisticated or developed as the vervet male behaviour referred to above. 
Returning to the question of phylogenetic influence on the social systems of 
guenons; while this factor may be a major constraint on the behaviour we observe, 
it does not explain the ultimate functional reasons for the differences in the 
number of males residing in guenon groups. Because of the limitations imposed 
on behaviour by the evolutionary history of a taxonomic group, one cannot 
necessarily explain all observed behaviours in terms of their adaptive value (Gould 
& Lewontin 1979). It could be argued that a satisfactory answer to the question 
of why troops of most guenon species have only one permanently resident adult 
male, may become available through further study of the evolutionary history of 
this taxonomic group. This assertion, though, would imply that social systems 
themselves could be selected for, as opposed to individually adaptive behaviour, 
and this would require group selection to be operating (Rowell 1993).
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We are left with the question of why one male stays resident in bisexual troops 
throughout the year in spite of the potential cost for a male of remaining with the 
troop, (e.g. feeding competition; extra travel time and energy expenditure to meet 
the nutritional needs of the troop; opportunity cost of potential loss of mating 
opportunities elsewhere). This study suggests two possible benefits. Firstly, if a 
male has sired infants in the troop during the previous mating season, it may be in 
his interests to maintain residency in order to prevent entry of other males, since 
an incoming male may kill his oflfspring (van Schaik 1996). Secondly, a male 
could gain through defending fi'om predators, his offspring, his future mating 
partners, or females carrying his foetuses. Another possibility is that a male may 
gain through achieving an occasional fertilization where a female in his troop 
becomes fertile outside of the mating season. Finally, it might be in a male’s 
interests to maintain residency so that he can gain through further mating 
opportunities in the next mating season. Males are likely to only get one chance at 
residency (Cords, in press). This study, at least, suggests that troop males do very 
much better in terms of mating success than extratroop males, so it will pay a 
male to stay incumbent for as long as possible, although how many seasons a 
troop’s females will favour their resident male in terms of mating opportunities is 
unknown.
This study accentuates the variability of behaviour within a species, temporally as 
well as geographically, and adds to the general consensus that primate species’ 
mating systems are more variable than once thought (Rowell 1993; Strier 1994; 
for review of recent findings, see edited volume by Rappeler, in press). Longer 
term studies and research on populations in different areas are uncovering great 
variation, so that it is no longer acceptable to talk about the behaviour of a species 
as if uniform throughout its distribution. This study of Cercopithecus mitis 
examines the behaviour of a population at the southern extreme of the species’ 
geographical distribution. This South African population also shows extremes for 
various population parameters, such as a far higher population density than those 
of any other study, a much greater degree of troop home range overlap, and a 
much higher percentage of time when neighbouring troops are in proximity.
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Such differences in these population parameters, may have facilitated the 
differences among populations in behaviour that we see. For example, no other 
C.mitis researcher has reported the level of interaction between juveniles of 
neighbouring troops which was observed during this study, nor the level of 
juvenile interaction with extratroop males. Such phenomena at Cape Vidal may 
have facilitated the formation of extratroop male relationships and some degree of 
cooperation among males, with potentially a considerable impact on male 
reproductive strategies. The degree of troop density and intertroop interaction in 
this population even calls into question the whole notion of the troop itself as a 
separate unit, and in this case troops could almost be viewed as distinct, 
competing matrilines within a large multimale-multifemale community, 
homologous to matrilineal lineages within large groups of macaques or baboons. 
What is apparent here is that there is no such thing as a typical system for 
Cercopithecus mitis, and this is likely to be the case for many or most primate 
species since these are hugely adaptable animals living in a variety of habitats. 
Clearly, there is much still to learn about the proximate and ultimate factors 
affecting primate mating systems and primate behaviour, and this calls for further 
longitudinal studies tracing the life histories and reproductive success of individual 
animals, studies in a variety of habitats for individual species, and further studies 
of the phylogenetic history of primate species.
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